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Gibbs,  Robert  H.,  Jr.,  ahd^Williatn  H.  Ktueger,  editors.  Biology  of  Midvvater  Fishes 
of  the  Bermuda  Ocean  Acre^Sniithsonian  Contributions  to  Zoology,  number  452,  187 
pages,  4  figures,  1 69  tables,  1 987.*^Four  papers  resulting  from  the  Bermuda  “Ocean 
Acre"  program  are  included  in  this  volume.  The  data  are  from  14  cruises  conducted 
between  October  1967  and  June  1972  to  sample  the  midwater  fauna  of  a  roughly 
one-degree  square  centered  at  32<r\,  64*^V.  The  first  paper  presents  information 
that  is  pertinent  to  the  entire  volume,  as  well  as  to  anv  future  papers:  nature  and 
number  of  samples,  kinds  of  gear,  sampling  strategy,  treatment  of  samples,  methods 
of  analysis,  explanation  of  terminology,  and  a  general  description  of  the  oceanography 
of  the  study  area.  The  other  three  papers  present  detailed  treatment  of  the  life 
histories  and  ecology  of  the  species  in  three  families  of  mesopelagic  fishes:  Sternop- 
tvchidae,  the  marine  hatchetfishes  and  related  species,  with  7  species  in  4  genera; 
Nlvctophidae,  the  lanternfishes,  with  65  species  in  18  genera;  and  Melamphaidae,  the 
so-called  bigscales,  with  1 5  species  in  4  genera.  When  data  are  sufficient,  the  accounts 
include  descriptions,  analyses,  and  proposed  explanations  (when  appropriate)  of  size 
ranges  of  the  developmental  stages,  sex  ratio,  life  cycle  and  seasonal  abundance, 
vertical  distribution  of  each  growth  stage,  stage  and  size  stratification,  presence  or 
absence  of  vertical  migratory  behavior,  patchiness  of  distribution,  and  differences  in 
day  versus  night  catch  rates.  All  three  papers  consider  the  partitioning  of  resources 
among  species  in  the  treated  family.  The  species  and  samples  of  Myctophidae  were 
subjected  to  factor  and  cluster  analyses  by  season,  and  the  results  are  discussed  in 
detail.  ./  J  „  >  -J 
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Biology  of  Midwater  Fishes 
of  the  Bermuda  Ocean  Acre 


Background  and  Methods  Used  in 
Studies  of  the  Biology  of  Fishes 
of  the  Bermuda  Ocean  Acre 


Robert  H.  Gibbs,  Jr.,  and  Charles  Karnella 


ABSTRACT 

A  brief  review  of  the  physical  and  biological  oceanogra¬ 
phy  of  the  Bermuda  area  is  given,  and  data  are  presented 
for  the  I  1  cruises  of' the  Ocean  Acre  program,  the  gear  that 
was  employed  on  each,  and  the  1184  samples  that  were 
obtained.  Sampling  strategy,  treatment  of  samples,  and 
methods  of  analysis  are  described.  Most  analyses  used  dis¬ 
crete-depth,  noncrepuscular  data  from  paired  seasonal 
cruises  in  winter,  late  spring,  and  late  summer  grouped  by 
50-m  intervals.  Catch  rates  in  number  of  specimens  per 
hour  of  sampling  with  the  Isaacs-kidd  midwater  trawl 
(I  KMT')  were  used  as  measures  of  abundance.  Patchiness  of 
distributions  was  estimated  by  the  coefficient  of  dispersion. 
Constraints  and  methods  used  for  cluster  and  factor  analyses 
and  measures  of  diversity  and  evenness  are  given.  The 
reader  is  w  anted  to  be  aware  of  the  limitations  of  the  Isaacs- 
kidd-midwater-trawl  universe  as  a  basis  for  draw  ing  conclu¬ 
sions. 


Introduction 

The  Bermuda  Ocean  Acre  program  was  conceived  and 
initiated  in  I9b7.  Between  October  1967  and  June  1972 
I  t  <  ruises  were  conducted  to  sample  the  midwater  fauna  of 
a  roughly  one-degree  square  centered  at  32°N.  64°W,  off 
the  Bermuda  islands.  The  plan  was  to  sample  a  selected 
series  of  depths  between  the  surface  and  1500  m,  using 
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discrete-depth  sampling  gear,  at  each  of  the  four  seasons, 
and  from  the  collections  to  elucidate  the  patterns  of  vertical 
distribution,  life  histories,  abundance,  and  seasonality  of  the 
organisms  occurring  there.  Few  studies  of  midwater  fishes 
have  used  discrete-depth  samplers  or  have  been  conducted 
over  more  than  one  season;  fewer  still  have  done  both. 
Although  the  objectives  of  the  program  were  not  entirely 
accomplished,  the  resulting  studies  provide  a  degree  of 
detailed  coverage  seldom  before  attained. 

This  paper  provides  background  and  descriptions  of 
methodology  and  analysis  that  will  serve  most  or  all  of  the 
papers  that  treat  tlte  biology  of  the  midwater  fishes  at  Ocean 
Acre.  Three  such  papers  are  included  in  this  volume,  one 
dealing  with  the  hatchet  fishes  and  relatives  (family  Sternop- 
tychidae),  one  with  the  lanternfishes  (Myctophidae),  and 
one  w  ith  the  so-called  bigscales  (Melantphaidae). 

Oceanography  of  the  Study  Area 

File  Ocean  Acre  is  located  in  the  northern  Sargasso  Sea. 
The  Sargasso  Sea,  which  forms  the  western  part  of  the 
North  Atlantic  subtropical  region  (Backus  et  al.,  1977),  is 
an  anticyclonic  gyre,  equivalent  to  the  Gulf  Stream  circu¬ 
lation  (Worthington,  1976).  ft  occupies  about  26  X  10" 
c  ubic  kilometers,  or  about  17  percent  of  the  volume  of  the 
North  Atlantic  Ocean  (Brooks,  1972).  According  to  Wor¬ 
thington  (1976)  the  boundaries  of  the  Sargasso  Sea  can  be 
taken  as  tfie  extent  of  water  at  300  m  with  a  salinity  of  36.4 
to  36.6  parts  per  thousand  (rcr).  The  most  prominent  fea¬ 
ture  of  the  Sargasso  Sea  is  the  great  abundance  of  18°  C 
water  at  a  salinity  of  36.5frr.  This  water  is  formed  off 
Bermuda  in  winter  by  atmospheric  cooling  of  surface  water 


o 

(Worthington.  1971)).  Although  a  seasonal  thernnH  line  de¬ 
velops  in  tlie  upper  200  m.  I  S°  C  water  is  found  throughout 
•he  seat  in  the  northern  Sargasso  Sett  between  200  and  -100 
m.  and  often  extends  nuuh  deeper  (Sehtoeder  and  Stoni- 
inel.  1 900:  |ahn.  1  970). 

The  Sargasso  Sea  is  divided  into  northern  and  southern 
parts  In  the  "northern  subtropical  convergence,"  which  tnav 
he  the  same  phenomenon  as  the  thermal  fronts  observed  in 
the  Sargasso  Sea  (Backus  et  al..  1977).  Backus  el  al.  (1909) 
demonstrated  that  faunal  differences  exist  between  the 
northern  and  southern  Sargasso  Sea  and  suggested  that 
differences  in  primary  productivity  in  the  two  areas  could 
he  responsible  for  the  faunal  differences.  Karlier  Rvtlier 
and  \it-n/el  (1 90 it  atuihined  this  difference  in  primary 
production  to  differences  in  stability  in  the  upper  pact  of 
the  water  column.  In  the  north,  winter  cooling  results  in 
vertical  mixing  and  nutrient  replenishment,  but  in  the  south 
the  year-round  stability  of  the  upper  ihcrmociine  prevents 
the  replenishment  of  the  cuphotie  /one. 

The  physical  oceanography  of  the  study  area  has  been 
discussed  at  length  by  Sehtoeder  and  Stotnmel  (1909)  and 
Brooks  ( 1  972),  and  briefly  by  Deevev  (1971 ).  The  summary 
given  here  is  excerpted  from  these  authors. 

The  water  column  within  the  study  area  is  2000-4 500  m 
deep,  depending  upon  location.  The  surface  water,  which 
is  highly  saline  (usually  above  SO. 4 '<>).  ranges  from  18°  to 
29°  G.  A  seasonal  thermocline  between  25-150  m  exists 
from  April  to  November,  being  best  developed  in  August. 
At  the  top  of  the  seasonal  thermocline  the  temperature 
ranges  between  20°  and  27°  G;  at  the  bottom  it  is  18°  to 
19°  (.  Gradients  of  8°  (’.  over  a  span  of  50  m  have  been 
observed.  Below  the  seasonal  thermocline  to  about  400  m 
temperature  decreases  to  I5°-I8°  Cl.  and  salinity  remains 
fattlv  uniform  at  about  56.2' u. 

A  permanent  deep  thermocline  occurs  at  about  500- 
1  I  00  m  and  has  the  general  characteristics  of  North  Atlantic 
central  water.  Temperature  decreases  from  about  18°  to 
0°  <  1.  and  salinity  from  about  50.2  to  55.0'cc  from  top  to 
bottom  of  the  thermocline.  Below  this  is  intermediate  water 
of  uncertain  origin,  with  temperatures  of  4.0°  to  5.5°  (1 
and  salinity  of  about  55'o  to  about  2000  m. 

Dissolved  oxygen  concentration  at  the  surface  is  between 
•1.5-5  ml/l  and  decreases  to  a  mimimum  of  about  5.5  ml/1 
at  700-900  m.  Below  this,  dissolved  oxygen  concentration 
inc  reases,  teaching  a  maximum  of  0.0  ml/1  below  2000  m. 

Plant  nutrients  in  surface-  waters  of  the  area  tire  highest 
in  w  inter  and  early  spring,  when  vertical  mixing  occurs  in 
the  absence  of  the  seasonal  thermocline,  and  are  lowest  in 
the  summer  when  the  surface  waters  are  stratified  (Vlen/el 
and  Kvlher.  1900;  Deevev.  1971)  Correspondingly,  phy¬ 
toplankton  c  one  cut  i  at  ions  and  primary  productivity  are 
highest  during  w  inter  and  early  spring,  and  maximum  zoo¬ 
plankton  abundance  in  the  upper  500  m  tends  to  follow  in 
spring  (Deevev.  197 1;  Deevev  and  Brooks,  1971).  This 
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tendency  lor  total  zooplankton  in  the  upper  500  m.  how¬ 
ever.  does  not  necessarily  apply  to  individual  s|k-c  ies  or 
groups  of  spec  ies,  main  of  which  Inn  e  a  primary  or  second¬ 
ary  peak  in  fall  (Deevev  and  Brooks.  1971).  At  depths 
greater  than  500  m,  Deevev  and  Brooks  (1971)  found  a 
tendency  for  numbers  of  zooplankton  to  be  inversely  cor¬ 
related  with  numbers  in  the  upper  500  m,  and  for  peaks  in 
abundance  to  occur  earlier  than  in  the  upper  layer,  'flu-re 
is  considerable  annual  variation  in  the  magnitude  of  tilt- 
biological  phenomena,  depending,  in  particular,  upon  tile- 
degree  of  cooling  and  mixing  of  waters  above  the  perma¬ 
nent  thermocline  in  wintei  and  spring. 

file  (hernial  front,  putatively  identified  with  the  “north¬ 
ern  subtropical  convergence-"  and  considered  to  be  the 
boundary  Ik  tween  the  northern  and  southern  Sargasso  Sea, 
usually  has  been  located  south  of  Bermuda,  between  20° 
and  5<)°\.  Differences  in  the  fish  faunas  north  and  south 
of  the  front  have  been  described  by  Backus  et  al.  (1909) 
and  llullcv  and  K  relit  (1985).  It  is  possible  that  the  front 
might,  occasionally,  occur  as  far  north  as  Bermuda,  but 
t-v  -  its  proximity  could  facilitate  some  influx  of  the  south¬ 
ern  faui.a  into  the  Bermuda  area. 

Finally,  we  call  attention  to  the  possible  influence  of 
eddies  on  the  env  ironment  and  fauna  of  the  Bermuda  area. 
Gold-core  Gulf  Stream  eddies  are  a  prominent  feature  of 
the  northern  Sargasso  Sea.  With  a  core  of  slope  water  from 
off  the  northeastern  United  States  and  adjacent  Canada, 
these  eddies  tire  capable  of  transporting  slope-water  fishes 
into  the  Sargasso  Sea  (Ring  Group.  1981;  Backus  and  Crad¬ 
dock.  1982).  Gulf  Stream  rings  usually  are  found  well  to 
the  north  or  west  of  Bermuda,  but  an  occasional  one  might 
reach  that  area.  Even  so.  the  fauna  transported  by  them 
could  be  brought  close  enough  to  Bermuda  to  enable  the 
occurrence  of  some  species  on  a  regular  basis.  It  has  also 
been  suggested  that  eddies  originating  in  the  Mediterranean 
outflow  have  reached  the  area  of  the  Bahamas  (McDowell 
and  Rossbv.  1978),  and  it  is  possible  that  such  rings  may 
affect  the  Bermuda  area  as  well. 

Cruises  and  Gear 

Table  1  summarizes  the  cruises  and  the  samples  obtained. 
Discrete-depth  samples  were  obtained  from  9  of  the  14 
cruises,  although  sampling  of  the  desired  range  of  depths 
was  adequate  for  detailed  seasonal  analysis  on  only  0  of 
t  liese. 

'There  were  1184  samples  made  on  the  14  cruises:  858 
with  I  KMT's  (558  of  these  from  discrete  depths),  289  with 
neuston  nets,  48  with  Engel  midwater  trawls  (KMT),  and  9 
with  dip  nets.  During  the  paired  seasonal  cruises  (see  “Meth¬ 
ods  of  Analysis")  197  iicuston  samples  (08%  of  such  samples) 
and  051  IKMT  samples  (75%  of  such  samples)  were  made; 
452  of  these  IKMT  samples  were  from  known  depths  (84  Vt 
of  disc  rete-depth  samples).  Noiicrepusc ular  discrete-depth 
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Tarl.k  i . — Ocean  Ai  re  t  rui.se  data  arranged  chronologically  (DI)S  =  discrete-depth  sampler;  KM  l  =  Kngel 
midwater  trawl;  1KMT  =  Isaacs- Kidd  midwater  trawl;  NS  =  neuston  sampler;  dash  =  no  samples). 
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NUMBER 

NO.  OF 
DEPTH 

IKMT 

DISCRETE 

SAMPLES 

NEUSTON 

NO.  OF 
DEPTH 

IKMT 

NON  DISCRETE 
SAMPLES 

EMT 

NO. 

OF 

DIP 

NET 

SAMPLES 

GEAR 

EMPLOYED 

SAMPLING 

DATES 

VESSEI 

1 

48 

_ 

26 

_ 

_ 

2M 

1 KMT+DDS 

26 

OCT-2 

NOV 

1967 

TRIDENT 

2 

- 

- 

5 

- 

- 

2M 

IKMT 

6-7 

MAR 

1968 

TR 1  DENT 

3 

52 

14 

- 

1 

3« 

IKMT+NS 

3-6 

JUL 

1968 

GILLISS 

4 

69 

- 

31 

- 

- 

3M 

1  KMT+DDS 

3-8 

SEP 

1968 

TRIDENT 

5 

" 

4 

- 

- 

3M 

IKMT 

6-12 

DEC 

1968 

TRIDENT 

6 

36 

9 

24 

- 

1 

3M 

IKMT+DDS+NS 

24-30 

APR 

1969 

SANDS 

7 

- 

17 

10 

10 

- 

EMT+NS 

5-9 

SEP 

1969 

ALBATROSS  IV 

8 

2 

- 

5 

“ 

3M 

IKMT 

23-25 

NOV 

1969 

TR 1  DENT 

9 

- 

14 

33 

- 

3M 

IKMT+NS 

16-23 

MAR 

1970 

SANDS 

10 

76 

66 

35 

- 

1 

3M 

IKMT+DDS+NS 

1-10 

JUN 

1970 

SANDS 

1 1 

33 

8 

12 

- 

1 

3M 

IKMT+DDS+NS 

12-15 

JAN 

1971 

SANDS 

12(1) 

" 

- 

- 

38 

- 

EMT 

20-24 

AUG 

1971 

DELAWARE  II 

12(11) 

101 

31 

34 

- 

5 

3M 

IKMT+DDS+NS 

26 

AUG-8 

SEP 

1971 

SANDS 

13 

96 

54 

38 

- 

3M 

IKMT+DDS+NS 

23 

FEB-3 

MAR 

1972 

SANDS 

14 

77 

38 

29 

3M 

IKMT+DDS+NS 

4-11  JUNE 

1972 

SANDS 

TOTALS 

538 

289 

300 

48 

9 

samples  from  the  paired  cruises  totaled  510,  including  359 
by  the  IKMT  and  151  neuston  samples,  their  total  sampling 
times  353  and  31  hours,  respectively.  In  Table  2,  the 
number  of  samples  and  total  sampling  times  for  the  surface 
and  each  50-m  interval  between  the  surface  and  1550  m 
are  given  for  day  and  night  for  each  of  the  three  seasons 
covered  by  the  paired  cruises.  Figures  1-3  show  the  depths, 
tune  at  depth,  and  depth  excursion  of  all  discrete-depth 
1KMT  samples  made  during  the  paired  seasonal  cruises. 
Table  3  giv  es  data  for  all  samples  of  all  kinds  made  during 
the  1  4  cruises. 

lhe  first  two  cruises  employed  a  2-m  I  KMT  as  the 
primary  sampling  device,  one  employed  only  an  Engel  trawl, 
and  all  1  1  others  employed  a  3-m  IKMT,  one  of  the  latter 
jointlv  with  an  Engel  trawl,  Neuston  samples  were  made 
concurrently  with  the  primary  trawl  on  9  cruises. 

The  2-m  IKMT,  used  on  the  first  two  cruises,  was  similar 
to  the  one  described  bv  Aron  (1962),  with  the  addition  of 
the  depressor  modification  described  by  Bercaw  (1966). 

The  3-m  IKMT,  t he  princ  ipal  sampling  device  during  the 
remainder  of  the  program,  differed  little  from  the  basic 
design  of  Isaacs  and  Kidd  (1953).  Strengthening  members 
were  added  to  the  depressing  vane,  and,  later,  foldable 
vanes  were  constructed  (as  in  Bercaw,  1966).  The  net  itself 
was  either  lined  with  or  constructed  entirely  of  3/8  inch 
(9.3  mm)  stretch  mesh  knotless  nylon,  and  its  cod  end  was 
a  I -m  ring  plankton  net  with  00  mesh. 

The  discrete-depth  sampler  was  the  cod-end  device  de¬ 
scribed  bv  Aron  et  al.  (1964).  This  was  a  tubular  structure 
with  four  chandlers,  three  of  which  were  closed  by  butterfly 
doors  activated  from  the  vessel  via  an  electrical  cable.  Dur¬ 


ing  each  lowering  of  the  trawl,  three  samples  could  be 
collected  at  specified  depths  and  a  fourth  during  retrieval 
from  depth  to  surface. 

Trawl  depth  at  first  was  monitored  by  triangulation  based 
on  the  wire  angle  and  the  amount  of  cable  payed  out,  and 
these  calculated  depths  were  checked  with  a  nontelemeter¬ 
ing  time-depth  recorder  attached  to  the  spreader  bar  of  the 
trawl.  This  method  limited  our  ability  to  select  trawling 
depths  with  precision.  The  last  five  cruises  (10-14)  em¬ 
ployed  an  electronic  sensor  mounted  on  the  spreader  bar 
(Battista  and  Giuliano,  1971),  which  allowed  trawl  depth  to 
be  monitored  constantly  on  deck. 

The  large  Engel  trawls  used  during  cruises  7  and  1  2  were 
provided  by  the  Bureau  of  Commercial  Fisheries  (now 
National  Marine  Fisheries  Service),  Exploratory  Fishittgand 
Gear  Research  Base,  Gloucester,  Massachusetts.  Two  hauls 
during  cruise  7  were  made  with  a  smaller  version,  the 
dimensions  of  which  were  not  known.  Eight  hauls  during 
cruise  7  and  all  38  hauls  during  cruise  1 2(1)  were  made  with 
a  larger,  1400  mesh  version.  Its  headrope  and  footrope 
were  about  59  m,  its  vertical  sides  about  53  m,  its  overall 
length  from  midbosom  to  cod  end  about  106  in.  Its  mesh 
tapered  from  8  inches  (20.3  cm)  stretch  in  the  wings  to  1.5 
inches  (3.8  cm)  stretch  in  the  cod  end.  The  last  15  m  of  the 
cod  end  were  lined  with  1.3  cm  stretch  mesh.  The  net  was 
fished  with  two  1610-m  lengths  of  2.5  cm  cable  and  two 
2.4  X  1.2  m  Suberkrub  doors. 

Neuston  (surface)  samples  were  made  with  ring  nets  with 
bags  made  of  00  mesh.  A  I/2-meter  ring  was  employed  on 
cruise  3,  a  1 -meter  ring  on  all  others.  These  nets  were 
equipped  with  a  3-leg  wire  rope  bridle  and  were  fished  from 
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TabI.i:  2. — Oistreie-dcpih,  noiu  repust  ular  dimpling  effort  during  [fit*  paired  seasonal  c  r  uises  (H  =  number 
of  hours;  S  =  number  of  samples;  50-m  depth  intervals  represeinec!  bv  their  deejjest  depth). 


DEPTH 

(M) 

WINTER 

LATE 

SPRING 

LATE 

SUMMER 

TOTALS 

DAY 

NIGHT 

DAY 

NIGHT 

DAY 

NIGHT 

DAY 

NIGHT 

H 

S 

H 

s 

H 

S 

H 

s 

H 

S 

H 

S 

H 

S 

H 

S 

SURF 

1 .2 

7 

7.9 

68 

8.5 

27 

10.0 

67 

1.6 

8 

1.7 

16 

1 1 . 1 

62 

19.6 

109 

50 

k.5 

5 

9.5 

10 

1.5 

2 

1  5 

2 

2.0 

2 

2.0 

2 

8.0 

9 

12.9 

16 

100 

1 .8 

2 

10.0 

1 1 

7-7 

9 

A. 5 

6 

6.0 

6 

8.0 

8 

15.5 

17 

22.5 

25 

150 

2-3 

2 

3-5 

2 

3-0 

3 

2.5 

3 

3.2 

6 

3.0 

3 

8.5 

9 

9.0 

8 

200 

1.9 

2 

6.0 

6 

9.0 

9 

1.7 

2 

6.0 

6 

6.0 

6 

16. 9 

15 

13-7 

16 

250 

- 

- 

3-0 

3 

- 

- 

3.0 

3 

1 .0 

1 

6.0 

6 

1  .0 

1 

12.0 

12 

300 

1 .0 

1 

“ 

- 

6.0 

6 

2.2 

2 

1 .0 

1 

3.0 

3 

8.0 

8 

5.2 

5 

350 

1.5 

3 

1.9 

2 

3-0 

3 

- 

- 

3.0 

3 

6.5 

6 

7-5 

9 

6.6 

6 

600 

2.2 

3 

3-2 

3 

6.0 

5 

3-5 

6 

3.0 

3 

2.0 

2 

11.2 

1  1 

8.7 

9 

650 

- 

- 

3.0 

3 

- 

- 

2.0 

2 

3.0 

3 

3.0 

3 

3-0 

3 

8.0 

8 

500 

2 .0 

2 

2.5 

3 

3.0 

3 

3-0 

3 

5.0 

5 

5.0 

5 

10.0 

10 

10.5 

1 1 

550 

1.3 

1 

3-0 

3 

- 

3-0 

3 

6.0 

6 

1 .0 

1 

5.3 

5 

7-0 

7 

600 

2.2 

3 

3.5 

6 

3.0 

3 

6.6 

6 

6.0 

6 

- 

- 

9.2 

10 

7-9 

8 

650 

3.0 

3 

1 .0 

1 

3-0 

3 

- 

3.0 

3 

1 .0 

I 

9.0 

9 

2.0 

2 

700 

- 

- 

- 

- 

6.0 

6 

- 

- 

- 

- 

2.0 

2 

6.0 

6 

2.0 

2 

750 

2-5 

3 

3.0 

3 

- 

- 

- 

3.0 

3 

2.0 

2 

5.5 

6 

5-0 

5 

800 

- 

3.0 

3 

5-0 

6 

1 .6 

2 

3.0 

3 

3.0 

3 

8.0 

7 

7.6 

8 

850 

3.0 

3 

1 .0 

1 

- 

- 

2.0 

2 

3.0 

2 

- 

- 

6.0 

5 

3.0 

3 

900 

- 

2.0 

2 

3-0 

3 

- 

" 

- 

- 

3.0 

3 

3-0 

3 

5.0 

5 

950 

- 

- 

- 

- 

- 

- 

3.0 

3 

3.0 

3 

3.0 

3 

3-0 

3 

1000 

- 

- 

1  .0 

1 

^■5 

5 

3.0 

3 

- 

3.0 

3 

6.5 

5 

7-0 

7 

1050 

2-5 

3 

2.0 

2 

- 

* 

- 

3.0 

3 

- 

- 

5-5 

6 

2.0 

2 

1  too 

- 

- 

- 

- 

1  .0 

I 

1 .0 

1 

- 

- 

- 

- 

1  .0 

1 

1  .0 

1 

1 150 

- 

- 

- 

- 

1  .0 

1 

- 

- 

3.0 

3 

- 

- 

6.0 

6 

- 

- 

1200 

- 

- 

- 

- 

1  .0 

1 

- 

- 

2.0 

2 

- 

3-0 

3 

- 

1250 

t  .0 

1 

1  .0 

1 

3.0 

3 

3-0 

3 

1 .0 

1 

1 .0 

I 

5.0 

5 

5.0 

5 

1300 

1 .9 

2 

2.0 

2 

- 

- 

- 

1 .0 

1 

2.0 

2 

2-9 

3 

6.0 

1350 

- 

- 

* 

- 

- 

- 

- 

- 

2.0 

2 

- 

2.0 

2 

- 

- 

1500 

- 

- 

- 

- 

- 

- 

- 

- 

~ 

- 

- 

- 

- 

- 

- 

- 

I65O 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1500 

- 

- 

~ 

- 

- 

- 

- 

- 

1 .0 

1 

- 

- 

1  .0 

1 

- 

- 

1550 

3-2 

3 

3-3 

3 

3.0 

3 

2.0 

2 

- 

- 

8.2 

8 

3-3 

3 

TOTAL 

39-0 

69 

76.2 

117 

81.2 

98 

51.9 

92 

70.6 

77 

65.2 

77 

190.8 

226 

193.3 

286 

itle  of  the  ship  from  ; 

a  2-3  tit  long  boom 

so  that  the 

tilt 

•  surface  to 

1500  m 

both  day  and  n 

ight  during 

mouth  ol  the  net  was  about  half  submerged.  Usual  proce¬ 
dure  was  to  tow  the  ncuston  net  while  the  midwater  trawl 
was  being  towed  tit  3  to  -4  knots.  At  night  the  net  usually 
w.is  brought  in  even  half  hour;  daytime  tows  usually  were 
lor  one  hour. 

Dip  nets  were  used  oc  c  asionally  to  catc  h  surface  sjx-c  i- 
ittens  while  'he  ship  was  hove  to.  These  were  of  variable 
construction,  with  long  handles,  net  rings  about  46  cm  in 
diameter,  and  meshes  varying  from  1.2  to  2.5  cm  stretch. 

Sampling  Strategy  and  Sample  Treatment 

I  lie-  pi  unary  objec  tive-  of  the  program  was  to  take  hori¬ 
zontal.  disc  rote-depth  samples  at  14  selected  depths  from 


cruise.  Surface  samples  were  made  rvith  neuston  nets.  Other 
discrete-depth  samples  were  made  by  lowering  the  IKMT 
with  all  chambers  open,  allcnving  the  net  to  stabilize  at  a 
selected  depth,  and  then  sequentially  closing  the  chambers 
at.  usually,  one  hour  intervals.  Barring  malfunctions,  this 
procedure  resulted  in  three  discrete-depth  samples  from 
the  selected  depth  and  an  oblique  sample  from  that  depth 
to  the  surface.  The  attempt  yvas  made  to  hold  ship  speed  at 
3 — 4  knots  during  trawling,  but  this  yvas  not  always  success¬ 
ful. 

For  various  reasons,  the  discrete-depth  sampling  objec¬ 
tives  were-  not  fully  attained.  The  triangulation  method  of 
determining  net  depth  resulted  in  inaccurate  placement  of 
some  trawls,  its  did  mid-tow  changes  of  ship  speed  or  direc  - 
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lion,  ('.far  malfunctions  resulted  in  loss  of  some  samples, 
l  imited  ship  time  often  toned  the  elimination  of  some 
desired  hauls.  Nevertheless.  In  combining  s.  tuples  from 
cliffe’cnt  cruises,  reasonably  good  discrete-depth  coverage 
tor  three  seasons  has  been  obtained. 

I  pon  retrieval  ol  each  trawl,  the  cod-end  sampler  was 
placed  on  a  table  constructed  to  prevent  contamination 
between  chambers,  and  the  samples  were  washed  with  a 
hose  into  deep  individual  travs  with  tine-mesh  screen  hot- 
toms,  In  the  ship  s  laboratory,  eac  h  sample  was  placed  in  a 
plastic  lra\  and  fixed  with  1 0f<  formalin  solution  (=  4‘7< 
actual  formaldehyde  concentration). 

After  fixing  for  about  an  hour,  each  sample  was  sorted 
into  components,  which  always  included  eel  larvae  (lepto- 
c  ephali).  other  fishes,  cephalopods.  and  other  invertebrates, 
and  wet  displacement  volumes  were  measured  for  each 
component.  The  samples  then  were  placed  in  individual 
containers  for  storage  and  transportation  to  the  home  lab¬ 
oratory. 

Samples  were  sorted  to  species  in  the  home  laboratory, 
and  the  standard  length  of  each  specimen  was  recorded. 
For  the  major  mesopelagic  groups,  stage  of  development 
and  sex  also  were  recorded  for  each  specimen  taken  in  the 
disc  rete-depth  samples  and  some  others.  (In  the  overwhelm¬ 
ingly  abundant  genus  C.yclothone,  these  data  were  recorded 
for  onlv  ,i  portion  of  the  specimens.)  Approximately  80 
families  and  800  spec  ies  of  fishes  were  taken  during  the 
Ocean  Ac  re  program. 

The  general  c  riteria  for  the  stages  of  development  are 
given  here,  to  be  expanded  .is  necessary  by  the  authors  of 
the  analytic  papers. 

I’rolarva:  Yolk  sac  not  fully  resorbed.  Not  pertinent  to 
these  studies. 

Post  larva:  Yolk  sac  fully  resorbed.  Body  proportions, 
pigment  pattern,  and  development  of  photophores  (if  any) 
markedly  dif  ferent  from  those  of  adults. 

Juvenile:  Body  proportions,  pigment  pattern,  and  de¬ 
velopment  of  photophores  (if  am  )  similar  to  those  of  adults, 
(•onad  threadlike  or  flat  and  ovoid  (depending  upon  the 
taxonomic  group),  without  swollen  region.  Sex  difficult  or 
impossible  to  distinguish  without  spec  ial  treatment. 

Subadult:  In  females,  begins  when  thread-like  gonad 
begins  to  exhibit  regional  enlargement  or  ovoid  ovarv  be¬ 
gins  to  enlarge  and  become  plump.  Very  small,  transparent 
eggs  become  visible  under  magnification.  F.ggs  become 
larger  and  ovaries  increase  in  diameter  throughout  this 
stage.  F.nd  of  stage  arbitrarily  recognized  when  large  ova 
(near  size  at  spawning)  are  visible  over  about  9()'/c  of  the 
surface  of  the  ovarv.  In  males,  begins  when  enlargement  of 
the  gonad  is  apparent,  or  cross-striated  appearance  becomes 
evident,  or  enlarged  chamber  at  rloacal  end  begins  to 
develop.  No  satisfactory  end  point  has  been  determined. 
Testis  changes  are  usually  so  gradual  that  a  precise  size  of 
transition  of  male  subachtlts  from  juveniles  or  into  adults  is 


virtuallv  impossible  to  ascertain  visibly .  In  some  cases,  size- 
frequencies  of  all  males  have  been  compared  with  stze- 
Irequenc  ics  of  juveniles  and  of  subadult  and  adult  females, 
and  sizes  of  demarcation  c  hosen  that  compare  with  those  of 
females. 

Adult:  In  females,  large  eggs  are  visible  over  9()'<  in 
more  of  the  surface  of  the  ovarv.  In  males,  this  categotv 
mav  be  established  at  an  arbitrary  lower  size  based  on  the 
size  of  females  at  the  subadult-adult  transition.  Specimens 
with  greatly  enlarged  testes  (relative  to  the  species)  are 
easily  categorized  as  adults. 

While  these  general  criteria  mav  lx‘  applied  to  some 
extent  for  most  species,  it  is  necessary  to  examine  a  series 
of  eac  h  species  throughout  its  size  range  and  covering  all 
seasons  in  order  to  determine  the  ac  tual  situation.  Problems 
of  interpretation  arise  when,  for  example,  a  female  well 
within  the  adult  size  range  has  only  small  eggs;  some  of 
these  mav  be  spent,  others  simply  undeveloped.  Species  that 
spawn  more  titan  once  mav  not  meet  the  stated  criteria  for 
adults  when  they  are  between  spawnings.  The  criteria  are 
c  rude  at  best ,  and  determination  of  the  stages  is  not  precise. 

Knvironmental  data,  station  data,  and  specimen  data  were 
keypunched  and  entered  into  computer  storage  preparatory 
to  analysis. 

'Fhe  collections  are  or  will  be  housed  in  the  TSNM 
collections  of  the  Division  of  Fishes,  Department  of  Verte¬ 
brate  Zoology,  National  Museum  of  Natural  History,  Smith¬ 
sonian  Institution,  Washington,  D.C. 

Methods  of  Analysis 

Paired  Seasonal  Cruises. — Six  cruises,  two  from  differ¬ 
ent  years  at  each  of  three  seasons,  provide  fairly  complete 
depth  coverage  both  night  and  day.  Data  for  both  cruises 
of  a  seasonal  pair  have  been  combined,  and  the  three  sets 
of  paired  data  form  the  basis  for  the  primary  analyses. 
Cruises  10  and  14  constitute  the  late  spring  pair,  4  and  12 
the  late  summer  pair,  and  1  1  and  1  8  the  winter  pair.  Figure' 
1-8  show  the  time  and  depth  excursions  of  all  discrete- 
depth  samples  taken  during  the  three  seasons. 

For  the  primary  analyses  data  were  grouped  by  50-ni 
depth  intervals  for  night  and  day  separately.  Day  (diurnal) 
is  defined  as  from  1.5  hours  after  sunrise  to  1.5  hours 
before  sunset.  Xight  (nocturnal)  is  from  1.5  hours  after 
sunset  to  1.5  hours  before  sunrise.  Twilight  ( crepuscular ) 
times  are  those  within  1.5  hours  of  either  sunrise  or  sunset. 
Samples  impinging  even  slightly  on  these  three-hour  cre¬ 
puscular  periods  are  excluded  from  the  primary  analyses, 
but  they  are  used  in  the  analysis  of  rates  of  vertical  migra¬ 
tion.  Sampling  effort  (number  of  samples  and  hours  of 
sampling)  within  each  50-m  interval  for  day  and  night  in 
each  of  the  three  seasons  is  given  in  Table  2. 

Recourse  to  the  original,  un grouped  data  was  made  when 
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Ftc.t  re  |. —  Time  «»nd  depth  for  all  discrete-depth  samples  made  in  winter 
Onuses  I  I  and  13)  l  ime  of  each  sample  is  shown  as  a  horizontal  line  at 
the  main  sampling  depth  Inmiided  hv  short  vertical  lines.  Depth  excursion 
is  mdiiated  hv  the  extent  of  the  vertical  lines.  Dashed  horizontal  lines 
indicate  samples  made  parflv  or  entirely  within  1.3  hours  of  sunrise  or 


sunset.  Sunrise  and  sunset  limes  are  indicated  hv  vertical  lines  that  run 
from  lop  to  bottom  of  the  graph;  solid  lines  are  cruise  11.  broken  lines 
cruise  !  3.  The  dashed  horizontal  line  at  bOO  m  indicates  a  change  in  depth 
scale  Small  numbers  are  the-  cruise  and  trawl  numbers. 
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LOCAL  TIMf 


Vm.l  kk  2 — l  imc  and  depth  tor  ail  discrete-depth  .samples  made  in  late  or  sunset.  Sunrise  and  sunset  times  are  indicated  fov  vertical  lines  that  run 

spring  (umses  10  and  I  I).  lime  of  each  samptc  is  shown  as  a  .  orizontal  from  top  to  bottom  of  the  graph.  The  dashed  horizontal  line  a*  600  m 

line  at  the  main  sampling  depth  bounded  by  short  vertical  lines.  Depth  indicates  a  change  in  depth  scale.  Small  numbers  are  the  cruise  and  trawl 

excursion  is  indK.it-  d  bv  the  extent  of  the  vertical  lines.  Dashed  horizontal  numbers, 

lines  indwate  samples  made  partly  or  entirely  within  1.5  hours  of  sunrise 


LOCAL  TIME 


Hm 're  !f. — Time  and  depth  for  all  discrete-depth  samples  made  in  late  or  sunset.  Sunrise  and  sunset  times  are  indicated  by  vertical  lines  that  run 

summer  bruise*  4  and  12).  Time  of  each  sample  is  shown  as  a  horizontal  from  top  to  bottom  of  the  graph.  The  dashed  horizontal  line  at  600  m 

line  n  the  mam  sampling  depth  bounded  bv  short  vertical  lines.  Depth  indicates  a  change  in  depth  scale.  Small  numbers  are  the  cruise  and  trawl 

excursion  is  indicated  bv  the  extent  of  the  vertical  lines.  Dashed  horizontal  numbers, 

lines  indicate  samples  maue  partly  or  entirely  within  1.5  hours  of  sunrise 
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there  was  reason  lo  believe  that  the  grouped  data  ied  to 
erroneous  inu  i  pret.tt ion  or  loss  ol detail. 

SlPt’l.EMt  N  l  At  Da  i  a.  —  Data  from  cruises  other  than  the 
three  primarv  pairs.  mainlv  Irom  nondisc  rete  samples,  hut 
including  some  Houston  tows  and  a  few  IK.M  I  discrete- 
depth  samples,  were  used  when  they  enabled  finer  analysis 
to  he  applied  to  the  primary  data.  Samples  made  with  the 
large  F.ngel  trawl,  which  catches  larger  specimens  far  more 
effect i\'el\  than  the  I  KM  I  .  hare  been  used  to  supplement 
mam  of  the  analyses,  especially  for  late  summer,  when 
sentient ial  cruises  employed  both  kinds  of  gear  (cruise  12, 
pat ts  I  and  1 1 ). 

C i A  ten  Ka  i  t-s. — (latch  rates  were  calculated  as  numbers 
ol  individuals  caught  per  hour  of  sampling  in  each  50-m 
interval.  !  fu  se  were  derived  by  adding  the  catch  rates  for 
the  individual  samples  within  an  interval  and  dividing  by 
the  number  of  samples  (including  negative  ones).  This 
method  giv  es  equal  weight  to  each  of  the  indiv  idual  samples, 
and  we  have  chosen  it.  rather  than  the  sum  of  specimens 
div  ided  In  the  number  ol  hours.  Because  most  samples  were 
one  hour  in  duration,  catch  rates  determined  by  either 
method  would  be  similar,  but  differences  in  duration  were 
present. 

lor  neuston  loirs,  the  individual  sample  catch  rates  were 
divided  In  0.37875  to  make  them  equivalent  to  those  of  a 
3-m  IKMT.  This  is  based  on  the  assumption  that  only  the 
air-sea  interface  is  being  sampled,  and  t he  figure  is  the 
diameter  of  the  1-m  ring  net  divided  by  the  width  of  the 
mouth  of  an  IKMT  (2.64  m). 

We  have  not  converted  catch  rates  to  numbers  per  unit 
volume  of  water.  To  do  so,  the  area  of  the  mouth  of  an 
IKMT  (7.14  nr)  can  be  multiplied  by  the  estimated  ship 
speed  (.4  knots  =  5600  m  per  hour)  to  give  the  volume  of 
water  sampled  in  an  hour  (4  1 .664  m  ’).  The  catch  rale  in 
number  of  individuals  per  hour  divided  In  this  figure  is  an 
estimate  of  the  average  number  of  specimens  per  cubic 
meter  of  water.  An  estimate  of  the  number  of  individuals 
in  the  entire  1 .7 30- m  water  column  under  l  nr  of  surface 
(la.'it)  m1)  may  fie  obtained  In  multiplying  the  number  of 
soec  imens  per  in'  in  eac  h  50-m  interval  In  50  and  calculat¬ 
ing  the  sum  of  the  .surface  figure  (not  multiplied)  plus  those 
ol  all  ill  50-m  intervals.  The  last  figure  may  be  multiplied 
In  the  surface  area  in  nr  to  obtain  an  estimate  of  the1 
numbci  of  individuals  in  a  larger  area. 

In  i  K.KF’OI.A  l  ion  in  l  NSAMIM.KD  Intervals. — Catch  rales 
lot  unsampled  intervals  thought  to  be  within  the  vertical 
range  of  the  spec  ies  were  estimated  In  interpolation.  For 
am  given  developmental  stage,  if  One  interval  or  two  ad¬ 
joining  intervals  were  unsampled,  the  interpolated  catc  h 
tale  m  eac  li  interval  was  the  mean  of  the'  catch  rates  of  the 
two  adjoining  intervals  (shallower  and  deeper).  three  or 
moie  adjacent  inte  rvals  were  unsampled,  the  catch  rale  of 
the  middle  one  (or  two  if  there  was  an  even  number)  was 


the  mean  of  the  adjacent  sampled  intervals,  and  a  similar 
interpolation  was  made  for  the  remaining  intervals. 

In  analyses  In  si/e,  interpolated  catch  rates  for  each  size 
in  the  middle  unsampled  interval(s)  were  determined  In 
using  a  mean  si/e  and  catc  h  rate  midway  between  those  of 
the  two  nearest  sampled  intervals  and  then  averaging  the 
catch  for  each  millimeter  of  si/e  larger  and  smaller  than 
each  sampled  mean.  If  an  unsampled  interval  was  at  the 
suspected  shallow  or  deep  limit,  the  catch  rate  was  estimated 
as  half  that  of  the  adjoining  sampled  interval,  with  the  mean 
si/e  equal  to  that  in  the  sampled  interval. 

Dk.fini lions. — The  abundance  of  any  given  category 
(e.g..  stage,  species,  combination  of  species)  at  any  diel  period 
within  a  season  was  taken  as  the  sum  of  the  catch  rates  for 
all  50-m  inteivals.  including  interpolated  values. 

The  abundance  of  a  species  at  any  season  was  the  sum  of 
the  abundances  of  all  stages  at  the  diel  period,  night  or  day, 
when  the  highest  sum  was  obtained. 

File  terms  catch,  catch  rate,  and  abundance  are  used  inter¬ 
changeably  in  the  test  of  the  analyses.  For  example,  when 
a  spec  ies  is  said  to  be-  most  abundant  within  a  given  depth 
range,  this  means  that  the  catch  rate  or  rates  for  the  50-m 
interval(s)  within  that  range  were  greater  than  for  other 
depths. 

Xumerous  refers  to  the  actual  numbers  of  specimens 
caught  in  the  sample  or  set  of  samples  under  discussion. 
l:se  of  this  term  implies  nothing  about  the  actual  or  relative 
abundance  of  the  category  referred  to,  because  the  term 
inc  ludes  samples  taken  in  a  nonstandard  way  and  which 
usually  are  biased  in  depth  coverage,  seasonal  coverage,  or 
both. 

Patchiness. — The  coefficient  of  dispersion  (CD)  was  used 
to  examine  the  possibility  that  horizontal  distributions  were 
not  random  (see  Pearcy,  1964).  Patchiness,  or  clumping,  was 
said  to  occur  only  if  the  CD  was  significantly  greater  than 
1.0  (p  =  0.05).  This  analysis  was  applied  only  to  samples 
within  a  single  50-m  interval;  when  clumping  was  noted  for 
greater  intervals,  the  CD  for  each  of  the  included  50-m 
intervals  was  significant.  Not  all  significant  CD  values  have 
been  accepted  as  indicative  of  a  clumped  or  patchy  distri¬ 
bution.  Suc  h  cases  are  discussed  w  here  appropriate. 

Cu  ster  and  Factor  Analyses. — Cluster  analyses  and 
fac  tor  analyses  have  been  applied  only  to  the  Myctophidae 
in  the  present  series  of  papers.  These  were  done  separately 
for  night  and  day  for  each  ol  the  three  seasons.  Only  spec  ies 
represented  in  discrete-depth  samples  by  10  or  more  speci¬ 
mens  (species  analyses)  or  discrete-depth  samples  containing 
more  than  10  spec  imens  (sample  analyses)  were  included. 

(.luster  analyses  of  species  and  samples  were  performed 
w  ith  the  Numerical  Taxonomy  System  (N'TSYS)  of  multi¬ 
variate'  statistical  programs,  using  the  unweighted  pair 
group  arithmetic  averaging  method  on  correlation  coeffi¬ 
cients  of  calc  h  rate's  (Sneath  and  Sokal,  1973). 
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Factor  analyses  were  run  using  correlation  coefficient 
man  it  i  s  of  spe<  it  s  abundances.  They  were  performed  using 
die  progiams  in  l lie  Statistical  Package  tor  the  Social  Sci¬ 
ences  (SPSS).  Onliogonal  rotation  was  perlormed  to  sim¬ 
plify  the  factor  structure  using  the  varimax  criterion. 

OlVTRst  t '  \M)  Kvknnkss. — Species  diversitv  and  even¬ 
ness  also  have  been  examined  only  in  the  Mvctophidae  in 
this  series  ot  papers.  Species  diversity  lor  all  50-ni  intervals 
was  measured  bv  both  the  actual  number  ot  species  caught 
in  that  interval  and  bv  the  information  tlieorv  index,  H  = 
— Sp,  log  p„  where  S  =  sum  and  p,  is  the  traction  ol  the 
talch  rule  contributed  by  spec  ies  i  in  that  interval.  Evenness, 
or  the  distribution  of  the  catch  rate  among  the  species,  was 
measured  bv  the  index  developed  by  Heip  (1974):  h  = 
e"—  1  /S—  I .  where  1 1  is  the  measure  of  diversity  given  above 
and  S  die  total  number  ot  species  taken  in  the  particular 
interval. 


Caveats 

t  he  reader  should  be  aware  that  the  Ocean  Acre  studies 
deal  mainly  with  the  I  KMT  universe.  We  believe  that  the 
IkMT  may  sample  fishes  in  the  size  range  of  about  10  mm 
to  perhaps  .">()  mm  SI.  fairly  efficiently.  This  means  that 
small  spec  ies  ;ne  likely  to  be  represented  in  the  collections 
bv  all  sizes  except  larvae  and  the  smallest  post  larvae,  but 
that  large  species  are  likely  to  be  underrepresented  at  both 
the  small  and  large  ends  of  their  size  spectrum.  Thus,  the 
abundanc  e  estimates  for  hu  ge  species  are  far  more  likely  to 
be  too  low  than  those  of  small  species.  The  authors  of  the 
papers  recognize  this,  and  they  discuss  it  in  some  cases,  but 
they  do  not  dwell  on  it.  For  the  most  part,  the  data  are 
treated  as  if  they  were  complete,  and  there  was  no  attempt 
to  explain  all  possible  biases. 

The  large  F.ngel  trawl  produces  a  different  universe,  one 
in  which  the  average  size  of  individuals  is  larger  and  small 
fishes  and  stages  are  underrepresented  (Harrisson, 
1 9f>7: 1 0 1  - 1 06).  Small  species  may  be  largely  or  totally 
absent  in  its  collections.  For  example,  the  extremely  abun¬ 
dant.  small  Cyclothone  species,  virtually  are  absent.  In  Hullev 
and  krefft's  (I9«a)  analysis  of  lanterntishes  collected  with 
the  F.ngel  trawl  in  the  northern  Sargasso  Sea  in  April  and 
May.  two  small  species  of  lanternfishes,  Diogenichthys  atlan- 
ticus  and  Xotolychnus  valdiviae,  which  attain  no  more  than 
Ha  nun  SI.,  rank  22nd  and  29th  in  abundance:  in  Ocean 
Acre  analyses  for  late  spring  ([tine)  these  two  species  rank 
2nd  and  bth.  respec  tively,  among  the  myctophids  (karnella, 
herein).  On  the  other  hand,  if  we  remove  ( 1 )  D.  atlanticus 
and  ,Y.  valdiviae,  (2)  those  species  taken  almost  entirely  in 
neuslon  nets  ( (ionirhtliys  cocco,  Centrobranchus  nigroocella- 
tus).  and  (:()  temperate  species  (not  included  in  Hulley  and 
krefft's  tabulation  for  the  northern  Sargasso  Sea;  Fable  5), 
then  Hullev  and  Krefft's  10  most  abundant  species  include 
H  ol  the  Ocean  Acre  top  10. 
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Table  T — Date,  coordinates,  depths  sampled,  duration,  and  gear  employed  for  all  samples  made  on  all 
Ocean  Acre  cruises  (DD  =  day;  D-M  =  degrees  and  minutes:  M  AIN  =  depth  at  which  most  of" the  sampling 
time  was  spent;  MAX  =  maximum  depth,  MIN  =  minimum  depth;  MM  =  month). 


CRUISE  I 


IA  10/26 
IB  10/26 
1C  10/26 
1M  10/26 
2A  10/26 
2B  10/26 
2C  10/26 
2M  10/26 
3A  10/26 
3B  10/26 
3C  10/26 
3M  10/26 
AA  10/26 
AB  10/26 
AC  10/26 
AH  10/26 


32-10, 

32-10, 

32-10, 

32-10, 

32-13. 

32-13, 

32-13. 

32-13. 

32-17. 

32-17, 

32-17. 

32-17. 

32-18. 

32-18. 

32-18, 

32-18, 


6A-29  TO 
6A-29  TO 
6A-29  TO 
6A-29  TO 
64- 1 8  TO 
64-18  TO 
64-18  TO 
64-18  TO 
64-25  TO 
6A-25  TO 
64-25  TO 
64-25  TO 
6A-20  TO 
6A-20  TO 
6A-20  TO 
6A-20  TO 


32-09, 

32-09, 

32-09. 

32-09, 

32-19, 

32-19. 

32-19. 

32-19. 

32-18, 

32-18, 

32-18, 

32-18, 

32-20. 

32-20. 

32-20, 

32-20, 


3-  250  230 

3-  225  175 

3-  150  135 

3-  100  100 

3-  475  475 
j-  A00  330 

3-  275  230 
3-  210  210 

3-  575  525 
3-  478  330 

3-  320  215 

3-  210  200 

3-  210  190 

;-  150  125 
3-  125  75 

3-  50  50 


1549-1619 

2115-2152 

2152-2213 

221 3-22A3 
22A3-2300 
23A9-0022 
0022-0052 
0052-0122 
0122-0152 


10/27 

32- 

10. 

6A-23 

AOO- 

A80 

AA5 

1A30-15A5 

10/27 

32- 

10. 

6A-23 

250- 

500 

500 

15A5-I6A0 

10/27 

32- 

10. 

6A-23 

250- 

250 

250 

I6A0-17A0 

10/27 

32- 

■10, 

6A-23 

0- 

250 

250 

17AO-1755 

10/27 

32- 

16, 

6A-18 

250- 

250 

250 

19A3-20A3 

10/27 

32- 

■16, 

6A-18 

167- 

250 

220 

20A3-2101 

10/27 

32- 

16. 

6A- 18 

0- 

167 

160 

2101-2227 

10/27 

32- 

■33. 

6A-21 

125- 

125 

125 

2307-0007 

10/27 

32- 

■33. 

6A-21 

75- 

125 

100 

0007-0015 

10/27 

32- 

-33. 

6A-21 

75- 

75 

75 

0015-01 15 

10/27 

32- 

-33, 

6A-21 

0- 

75 

75 

0115-0125 

10/28 

32- 

-37, 

6A-10 

200- 

200 

200 

05A9-0619 

10/28 

32- 

■37. 

6A-10 

1 75- 

200 

200 

0619-06A9 

10/28 

32- 

-37. 

6A-10 

162- 

210 

200 

06A9-0719 

10/28 

32- 

■37. 

6A-10 

0- 

175 

175 

0719-07A5 

10/28 

32- 

■35. 

63-58 

590- 

680 

675 

0837-0937 

10/28 

32- 

■35. 

63-58 

550- 

675 

625 

0937-0952 

10/28 

32- 

•35. 

63-58 

500- 

550 

500 

0952-1052 

10/28 

32- 

-35. 

63-58 

0- 

500 

A90 

1052-1130 

10/28 

32- 

-AA, 

63-37 

330- 

A20 

A15 

1255-1AOA 

10/28 

32- 

■AA. 

63-37 

300- 

330 

315 

IA0A-150A 

10/28 

32- 

■AA, 

63-37 

0- 

320 

300 

150A-153A 

10/28 

32- 

A6, 

6A-00 

A20- 

700 

A30 

2003-2103 

10/28 

32- 

•A6, 

6A-00 

301- 

A20 

375 

2103-2131 

10/28. 

32- 

-A6, 

6A-00 

267- 

301 

280 

2131-2231 

10/28. 

32- 

-A6, 

6A-00 

0- 

283 

280 

2231-2307 

10/29 

32- 

-AA, 

63-A2 

275- 

300 

275 

0337-0A37 

10/29 

32- 

-AA, 

63-A2 

150- 

275 

230 

OA37-0A58 

10/29 

32- 

-AA, 

63-A2 

175- 

175 

175 

OA58-0558 

10/29 

32- 

-AA, 

63-A2 

0- 

175 

175 

0558-0615 

10/29 

32- 

-51. 

63-28 

100- 

196 

190 

0655-0810 

10/29 

32- 

-51, 

63-28 

92- 

100 

100 

0810-0910 

10/29 

32- 

-51. 

63-28 

0- 

92 

90 

0910-0925 

10/30 

32- 

-10, 

63-A8 

130- 

130 

130 

003A-013A 

10/30 

32- 

-10, 

63-A8 

100- 

130 

115 

OI3A-OIA5 

10/30 

32- 

-10. 

63-A8 

100- 

100 

100 

OIA5-02A5 

10/30 

32- 

-10, 

63-A8 

0- 

100 

95 

02A5-0255 

10/30 

32- 

-09, 

6A-00 

1 30- 

175 

130 

0337-0A37 

10/30 

32- 

-09, 

6A-00 

80- 

130 

105 

OA37-OA55 

10/30 

32- 

-09, 

6A-00 

75- 

80 

80 

0A55-0555 

10/30 

32- 

■09, 

6A-00 

0- 

75 

75 

0555-O6IO 

10/30 

32- 

-1A. 

6A-1A 

0- 

380 

370 

0630-09AO 

2tt  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 

2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 
2M  I  KMT 


w 

l*y 


DEPTH 

(M) 

5 

SAMPLE  DATE 

TIME 

GEAR 

1967 

NORTH 

WEST 

NORTH 

WEST 

LOCAL 

t 

MM/ 00 

D-M 

D-M 

D-M 

D-M 

MIN-MAX 

MAIN 

START-END 

liM 

M 


Iik«; 

IWi 

i»y,» 


pi 

p 

m 

lw 

Rw 

Ivv 

1 


m 

Ewv 

fti>V 

p 

m 

m 


Nl’MRFR  152 
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Table  S. — Continued. 


COORDINATES 


DEPTH  (M) 


SAMPLE 

DATE 

1967 

MM/DD 

NORTH  WEST 
D-M  D-M 

NORTH  WEST 

D-M  C-M 

MIN-MAX  1 

MAIN 

TIME 

LOCAL 

START-END 

GEAR 

2  1 A 

10/30 

31-A9,  6A-25 

A  35-  1*50 

A50 

I352-1A52 

2M 

1  KMT 

2  1 B 

10/30 

31-A9,  6A-25 

295-  AAO 

375 

1A52-1513 

2M 

1  KMT 

2  1C 

10/30 

31-Ag,  6A-25 

250-  295 

290 

1513-1613 

2M 

1  KMT 

2  IM 

10/30 

31-A9,  6A-25 

0-  250 

250 

1613-163A 

2M 

1  KMT 

22A 

10/30 

31-52,  6A-A1 

175-  175 

175 

170A-180A 

2M 

1  KMT 

22B 

10/30 

31-52,  oA-Al 

70-  175 

125 

180A-1830 

2M 

1  KMT 

22C 

10/30 

31-52.  6A-A1 

60-  70 

70 

1830-1930 

2M 

1  KMT 

22M 

10/30 

31-52,  6A-AI 

0-  60 

60 

1930- 1940 

2M 

1  KMT 

2An 

10/31 

31-35.  6A-18 

0-  565 

510 

13A0-1800 

3M 

1  KMT 

25N 

10/31 

31-23.  6A-07 

0-  186 

185 

1825-2115 

3M 

1  KMT 

26n 

10/31 

31-26,  6A-00 

0-  8A 

80 

23lt2-0200 

3M 

1  KMT 

27N 

11/ 

1 

31-27,  6A-00 

0-  15A 

1  AO 

0201-0A25 

3M 

1  KMT 

28N 

11/ 

1 

31-27,  6A-00 

0-  205 

205 

OAAO-O7A5 

3« 

1  KMT 

29N 

11/ 

1 

31-25,  6A-02 

0-  810 

810 

0815-1  32*5 

2M 

1  KMT 

30N 

11/ 

1 

31-59,  63-A3 

0-2000 

2000 

1A00-2215 

2M 

1  KMT 

3  IN 

11/ 

1 

32-12*.  63-26 

0-1500 

1500 

2230-0500 

2M 

1  KMT 

1968 

CRUISE  2 

2N 

3/ 

6 

32-26.  63-AA 

TO 

32- 1 A .  63-AA 

0-  IAO 

IAO 

2131-OOOA 

2M 

1  KMT 

3N 

3/ 

7 

32- 1 A .  63-AA 

TO 

32-05,  63-4A 

0-  50 

50 

0OA3-O31O 

2M 

1  KMT 

an 

3/ 

7 

32-05,  63-52 

TO 

31-55,  63-A5 

0-  200 

200 

0319-0600 

2M 

1  KMT 

5N 

3/ 

7 

31-55.  63-A5 

TO 

31-A8,  63-A7 

0-  500 

'•25 

060A-093A 

2M 

1  KMT 

6n 

3/ 

7 

31-51.  63-AO 

TO 

31-29,  6A-03 

0-1025 

1025 

1110-1819 

2M 

1  KMT 

CRUISE  3 

ID 

7/ 

3 

32-57.  6A-29 

TO 

32-59.  6A-51 

NEUSTON 

2150-2205 

•  5 

RING 

IE 

7/ 

3 

32-57.  6A-29 

TO 

32-59.  6A-51 

NEUSTON 

22 10-22A0 

■  5 

RING 

IF 

7/ 

3 

32-57.  6A-29 

TO 

32-59.  &A-51 

NEUSTON 

2250-2320 

•  5 

RING 

1G 

7/ 

3 

32-57.  6A-29 

TO 

32-59.  6A-51 

NEUSTON 

2330-0000 

•  5 

RING 

IH 

7/ 

3 

32-57.  &A-29 

TO 

32-59.  6A-51 

NEUSTON 

000A-003A 

•  5 

RING 

1J 

7/ 

3 

32-57.  &A-29 

TO 

32-59.  6A-51 

NEUSTON 

OOA5-0115 

•  5 

RING 

IK 

7/ 

3 

32-57.  6A-29 

TO 

32-59.  6A-51 

NEUSTON 

01 19-01A9 

•  5 

RING 

IL 

7/ 

3 

32-57.  6A-29 

TO 

32-59.  6A-51 

NEUSTON 

0155-0225 

•  5 

RING 

IN 

7/ 

3 

32-57.  6A-29 

TO 

32-59.  6A-51 

0-1931 

1900 

2119-0330 

3M 

1  KMT 

IQ 

7/ 

3 

32-57.  6A-29 

TO 

32-59.  6A-51 

NEUSTON 

023**-030A 

•5 

RING 

1R 

7/ 

3 

32-57.  6A-29 

TO 

32-59.  6A-51 

NEUSTON 

0315-031*5 

•5 

RING 

IT 

7/ 

3 

32-57.  6A-29 

TO 

32-59,  6A-51 

NEUSTON 

03A9-OA19 

•  5 

RING 

2D 

7/ 

A 

32-00,  6A-A5 

NEUSTON 

0A10-0AA0 

•5 

RING 

2E 

7/ 

A 

32-00,  SA-A5 

NEUSTON 

OAA5-0515 

•5 

RING 

2F 

7/ 

A 

32-00,  6A-A5 

NEUSTON 

0525-0615 

•  5 

RING 

2G 

7/ 

A 

32-00,  6A-A5 

NEUSTON 

0619-0719 

•  5 

RING 

2H 

7/ 

A 

32-00,  6A-A5 

NEUSTON 

0725-0825 

•  5 

RING 

2  J 

7/ 

A 

32-00,  6A-A5 

NEUSTON 

0830-0901 

•  5 

RING 

2K 

7/ 

A 

32-00,  6A-A5 

NEUSTON 

0915-0930 

.5 

RING 

2L 

7/ 

A 

32-00,  6A-A5 

NEUSTON 

1025-1055 

•  5 

RING 

2N 

7/ 

A 

32-00,  6A-A5 

0-1A25 

1 AOO 

0A00-0930 

3M 

1  KMT 

2Q 

7/ 

A 

32-00,  6A-A5 

NEUSTON 

1 100-1130 

•  5 

RING 

2R 

7/ 

A 

32-00,  6A-A5 

NEUSTON 

1130-1200 

•  5 

RING 

2T 

7/ 

A 

32-00,  6A-A5 

NEUSTON 

1200-1230 

•  5 

RING 

3D 

7/ 

A 

32-0A,  6A-37 

TO 

33-10,  6A-A9 

NEUSTON 

1615-170A 

•  5 

RING 

n 

7/ 

A 

32-OA,  6A-37 

TO 

33-10,  6A-A9 

NEUSTON 

170A-1719 

•  5 

RING 

3F 

7/ 

A 

32-OA,  6A-37 

TO 

33-10,  6A-A9 

NEUSTON 

1719-1731* 

■  5 

RING 

3N 

7/ 

A 

32-OA,  6A-37 

TO 

33-10,  6A-A9 

0-1060 

1050 

123A-1719 

3« 

1  KMT 

AD 

7/ 

A 

33-10,  6A-A5 

TO 

33-18,  6A-A3 

NEUSTON 

17A9-I8A9 

•  5 

RING 

AE 

7/ 

A 

33-10.  6A-A5 

TO 

33-18,  6A-A3 

NEUSTON 

1900-1930 

•  5 

RING 

AF 

7/ 

A 

33-10,  6A-A5 

TO 

33-18,  6A-A3 

NEUSTON 

193A-200A 

•  5 

RING 

AG 

7/ 

A 

33-10,  6A-A5 

TO 

33-18,  6A-A3 

NEUSTON 

2007-2037 

•  5 

RING 

AH 

7/ 

A 

33-10,  6A-A5 

TO 

33-18,  6A-A3 

NEUSTON 

20A5-21 15 

•  5 

RING 

AJ 

7/ 

A 

33-10,  6A-A5 

TO 

33-18,  6A-A3 

NEUSTON 

2119-2131 

•  5 

RING 

AN 

7/ 

A 

33-10,  6A-A5 

TO 

33-18,  6A-A3 

0-  A80 

1*65 

1 71*5-2  1 A9 

3* 

1  KMT 

5D 

7/ 

A 

33-18,  6A-A3 

TO 

33-09,  6 A  -  3  3 

NEUSTON 

2225-2255 

•  5 

RING 

l 

) 

i 
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Table  3. — Continued. 


COORDINATES 


DATE 

1968  NORTH  WEST 
MM/DD  D-M  D-M 


NORTH  WEST 


m 

$9 


33 18, 
33 -18, 
33-18, 
33-18, 
33-18, 
33-18, 
33-09. 
33-09. 
33-09, 
33-12, 
33-12, 
33-12, 
33-12, 
33-06, 
33-06, 
33-06, 
33-06, 


64-4 3  TO 
64-43  TO 
64-43  TO 
64-43  TO 
64-43  TO 
64-43  TO 
64-33  TO 
64-33  TO 
64-33  TO 
64-35  TO 
64-35  TO 
64-35  TO 
64-35  TO 
64-41  TO 
64-41  TO 
64-40 
64-40 


33-09, 

33-09, 

33-09. 

33-09, 

33-09, 

33-09, 

33-12, 

33-12. 

33-12, 

33-06, 

33-06, 

33-06, 

33-06, 

35-00, 

35-00, 


32-54.  64-45 
32-54,  64-45 


32-57,  64-29  TO  32-57.  64-29 
CRUISE  4 


31-58, 

31-58, 

31-58, 

31-58, 

31-49, 

31-49, 

31-49, 

31- 49, 

32- 33, 
32-33, 
32-33, 
32-33, 
32-00, 
32-00, 
32-00, 
32-00. 
32-05, 
32-05, 
32-05. 
32-05. 
32-05, 
32-05, 
31-52, 
31-52. 
31-52. 
31  52. 
31-52. 


64-24  TO 
64-24  TO 
64-24  TO 
64-24  TO 
64-18  TO 
64-18  TO 
64-18  TO 
64-18  TO 
64-25  TO 
64-25  TO 
64-25  TO 
64-25  TO 
64-23  TO 
64-23  TO 
64-23  TO 
64-23  TO 
64-13  TO 
64-13  TO 
64-13  TO 
63-54  TO 
63-54  TO 
63-54  TO 
63-56  TO 
63-56  TO 
63-56  TO 
63-56  TO 
63-58  TO 


31-49, 

31-49, 

31-49, 

31- 49. 

32- 00, 
32-00, 
32-00, 
32-00, 
32-00, 
32-00, 
32-00, 
32-00, 
32-06, 
32-06, 
32-06, 
32-06, 
32-03, 
32-03, 
32-03. 
31-52. 
31-52, 
31-52, 
31-52, 
31-52. 
31-52. 

31- 52, 

32- 01, 


DEPTH  (M) 

MIN-MAX  MAIN 


NEUSTON 

NEUSTON 

NEUSTON 

NEUSTON 

NEUSTON 

0-  680  665 

NEUSTON 

NEUSTON 

0-  250  205 

NEUSTON 

NEUSTON 

NEUSTON 

0-  312  310 

NEUSTON 
0-  350  350 

NEUSTON 
0-  600  575 
NEUSTON 
NEUSTON 
0-  880  800 
NEUSTON 
NEUSTON 
0-1920  1900 
NEUSTON 
NEUSTON 


TIME 
LOCAL 
START-END 


2315-2345 

2349-0019 

0025-0055 

0100-0130 

0130-0200 

2219-0134 

0225-0255 

0300-0330 

0212-0349 

0410-0440 

0445-0515 

0519-0534 

0403-0552 

0615-0645 

0604-0749 

0804-0834 

0800-1000 

1015-1115 

1125-1213 

1010-1331 

1619-1719 

1725-1825 

1340-1949 

2004-2104 

2110-2140 


0-  700 

650 

2000-2155 

NEUSTON 

2210-2307 

0-  161 

150 

2204-2334 

NEUSTON 

2307-0045 

0-  110 

110 

2342-0103 

DIP  NET 

2100-2119 

0-  800 

500 

0215-0745 

460-  480 

480 

1125-1225 

460-  48o 

480 

1225-1325 

460-  4 80 

480 

1325-1625 

0-  480 

480 

1425-1510 

325-  335 

330 

1604-1704 

335-  350 

340 

1704-1800 

350-  360 

350 

1800-1900 

0-  360 

360 

1900-2004 

50-  60 

55 

21)2-2212 

50-  60 

55 

2212-2312 

50-  60 

55 

2312-0012 

0-  60 

55 

0012-0019 

175-  175 

175 

0104-0204 

175-  175 

175 

0204-0304 

175-  175 

175 

0304-0404 

0-  175 

170 

0404-0445 

220-  225 

225 

0555-0655 

220-  225 

225 

0655-0755 

0-  225 

220 

0755-0942 

490-  600 

550 

1 100-1200 

510-  600 

590 

1 200- 1 300 

0-  510 

‘*75 

1300-1449 

225-  235 

230 

1530-1630 

225-  250 

240 

1630-1730 

250-  260 

260 

1730-1830 

0-  260 

260 

1830-1845 

450-  479 

470 

1949-2049 

•5  RING 
.5  RING 
•5  RING 
•5  RING 
.5  RING 
3M  I  KMT 
.5  RING 
.5  RING 
3M  I  KMT 
•5  RING 
•5  RING 
.5  RING 
3M  I  KMT 
.5  RING 
3M  I  KMT 
•5  RING 
3M  I  KMT 
•5  RING 
•5  RING 
3M  I  KMT 
•5  RING 
•5  RING 
3M  I  KMT 
•5  RING 
•5  RING 
3M  I  KMT 
.5  RING 
3M  I  KMT 
•5  RING 
3M  I  KMT 
DIP  NET 


3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3N  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
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Table  ‘V — Continued. 


COORDINATES 


DEPTH  (M) 


SAMPLE 

DATE 

1968 

MM/OD 

NORTH  WEST 
D-M  0-M 

NORTH  WEST 
D-M  D-M 

MIN-MAX 

MAIN 

TIME 

LOCAL 

START-END 

GEAR 

96 

9/ 

A 

31-52,  63-58 

TO 

32-01.  6A-03 

A50-  A79 

A70 

20A9-21A9 

3M 

1  KMT 

9C 

9/ 

A 

31-52.  63-58 

TO 

32-01,  6A-03 

A50-  A79 

A70 

21A9-22A9 

3M 

1  KMT 

9M 

9/ 

A 

31-52,  63-58 

TO 

32-01.  6A-03 

0-  A 79 

A70 

22A9-23A5 

3M 

1  KMT 

10A 

9/ 

5 

32-00,  6A-OA 

TO 

31-55.  6A-  1 2 

220-  230 

225 

0019-0119 

3M 

1  KMT 

10B 

9/ 

5 

32-00,  6A-OA 

TO 

31-55.  6 A - 1 2 

230-  230 

230 

0119-0219 

3M 

1  KMT 

IOC 

9/ 

5 

32-00,  6A-OA 

TO 

31-55.  6A-12 

230-  230 

230 

0219-0319 

3M 

1  KMT 

10M 

9/ 

5 

32-00,  6A-OA 

TO 

31-55.  6A-12 

0-  230 

230 

0319-03A0 

3M 

1  KMT 

11A 

9/ 

5 

31-53.  6A- 1 2 

TO 

31-50,  6A-O8 

108-  117 

1  10 

0A10-0510 

3M 

1  KMT 

1 1 B 

9/ 

5 

31-53.  &A-12 

TO 

31-50.  6A-O8 

112-  117 

115 

0510-0610 

3M 

1  KMT 

11C 

9/ 

5 

31-53.  6A- 12 

TO 

31-50.  6A-O8 

112-  117 

115 

0 610-0710 

3M 

1  KMT 

1  1M 

9/ 

5 

31-53,  6A- 1 2 

TO 

31-50,  6A-O8 

0-  117 

115 

0710-073A 

3M 

1  KMT 

12A 

9/ 

5 

31-50,  6A-08 

TO 

31-5A.  6A-2I 

200-  200 

200 

0815-0915 

3M 

1  KMT 

12B 

9/ 

5 

31-50,  6A-O8 

TO 

31-5A,  6A-21 

200-  200 

200 

0915-1015 

3M 

1  KMT 

1 2  P 

9/ 

5 

31-50,  6A-08 

TO 

31-5A,  6A-21 

0-  200 

200 

1015-1130 

3M 

1  KMT 

1  3A 

9/ 

5 

32-00,  6A-17 

TO 

31-59.  6A-21 

300-  300 

300 

1 310- 1 A 1 0 

3M 

1  KMT 

1  3B 

9/ 

5 

32-00,  6A-17 

TO 

31-59.  6A-21 

300-  335 

310 

1A10-1510 

3M 

1  KMT 

13C 

9/ 

5 

32-00,  6A-17 

TO 

31-59.  6A— 2 

290-  335 

325 

1510-1610 

3M 

1  KMT 

13M 

9/ 

5 

32-00,  6A-17 

TO 

31-59.  6A-21 

0-  290 

290 

1610-163A 

3M 

1  KMT 

11*  A 

9/ 

5 

31-51.  6A-  9 

TO 

31-A9,  6A-30 

70-  75 

75 

1710-1810 

3M 

1  KMT 

1 1*B 

9/ 

5 

31-51,  6A-19 

TO 

31-A9,  6A-30 

70-  75 

75 

1810-1910 

3M 

1  KMT 

ll*P 

9/ 

5 

31-51,  6A-19 

TO 

31-A9,  6A-30 

0-  75 

75 

1910-2025 

3M 

1  KMT 

15A 

9/ 

5 

31-A9,  6A-1A 

TO 

32-01,  6A-17 

60-  70 

65 

2219-2319 

3M 

1  KMT 

156 

9/ 

5 

31-A9,  6A-1A 

TO 

32-01,  6A-17 

60-  70 

65 

2319-0019 

3M 

1  KMT 

15P 

9/ 

5 

31-A9,  6A-1A 

TO 

32-01,  6A-17 

0-  70 

65 

0019-013A 

3M 

1  KMT 

i  6a 

9/ 

6 

32-00.  6A-17 

TO 

31-58,  6A-08 

A80-  5A0 

510 

O2AO-03AO 

3M 

1  KMT 

16b 

9/ 

6 

32-00,  6A-17 

TO 

31-58,  6A-08 

500-  5A0 

510 

03A0-0AA0 

3M 

1  KMT 

i6p 

9/ 

6 

32-00.  6A-17 

TO 

31-58,  6A-08 

0-  500 

500 

0AA0-0630 

3M 

1  KMT 

17A 

9/ 

6 

31-53.  6A-OA 

TO 

3 1 - AA ,  6A-09 

A10-  A50 

A  30 

0725-0825 

3M 

1  KMT 

178 

9/ 

6 

31-53.  6A-0A 

TO 

31-AA,  6A-09 

A10-  A50 

A  30 

0825-0925 

3M 

1  KMT 

17P 

9/ 

6 

31-53.  6A-OA 

TO 

31 -AA,  6A-09 

0-  A10 

A10 

0925-mo 

3M 

1  KMT 

l  8a 

9/ 

6 

31-A6,  6A-08 

TO 

31-A6,  6A-37 

161-  169 

I65 

1200-1300 

3M 

1  KMT 

)  8b 

9/ 

6 

31-A6,  6A-08 

TO 

31-A6,  64-37 

1 54-  16) 

155 

1300-1A00 

3M 

1  KMT 

i8p 

9/ 

6 

31-A6.  6A-08 

TO 

31-A6,  6A-37 

0-  15A 

154 

1A00-1530 

3M 

1  KMT 

1 9A 

9/ 

6 

31-A7.  6A-3I 

TO 

31-51.  6A-3O 

125-  125 

125 

1600-1700 

3M 

1  KMT 

19B 

9/ 

6 

31-A7,  6A-31 

TO 

31-51.  6A-30 

125-  1  AO 

130 

1700-1800 

3M 

1  KMT 

1 9P 

9/ 

6 

31-A7,  6A-3I 

TO 

31-51.  6A-30 

0-  IAO 

IAO 

1800-1925 

3M 

1  KMT 

20P 

9/ 

6 

31-50,  6A-21 

TO 

31-53,  64-27 

0-  1  10 

1 10 

20A5-000A 

3M 

1  KMT 

2  1 A 

9/ 

7 

31-53.  6A-27 

TO 

32-09,  6A-13 

327-  335 

335 

0055-0225 

3M 

1  KMT 

21M 

9/ 

7 

31-53.  6A-27 

TO 

32-09,  6A-13 

0-  335 

335 

0225-0255 

3M 

1  KMT 

22A 

9/ 

7 

32-09.  6A-13 

TO 

32-16,  6A-10 

A5-  A5 

!*5 

033A-0A3A 

3M 

1  KMT 

22B 

9/ 

7 

32-09,  6A-13 

TO 

32-16,  6A-10 

A5-  A5 

45 

0A3A-053A 

3M 

1  KMT 

22P 

9/ 

7 

32-09,  6A-13 

TO 

32-16,  6A-10 

A5-  A5 

!*5 

053*t-06A5 

3M 

1  KMT 

23A 

9/ 

7 

32-13.  6A- 1 A 

TO 

32-17.  6A-05 

100-  100 

100 

0730-0830 

3M 

1  KMT 

238 

9/ 

7 

32-13.  6A-1A 

TO 

32-17,  6A-05 

100-  100 

100 

0830-0930 

3M 

1  KMT 

23C 

9/ 

7 

32-13.  6A-1A 

TO 

32-17,  6A-05 

100-  100 

100 

0930-1030 

3M 

1  KMT 

23M 

9/ 

7 

32-13,  bA-lA 

TO 

32-17.  6A-05 

0-  100 

100 

1030-10A0 

3M 

1  KMT 

2AA 

9/ 

7 

32-02,  6A-O8 

TO 

32-58,  6A-05 

60-  60 

60 

110A-120A 

3M 

1  KMT 

2 1*B 

9/ 

7 

32-02,  6A-08 

TO 

32-58,  6A-05 

60-  60 

60 

120A-130A 

3M 

1  KMT 

2l*C 

9/ 

7 

32-02,  6A-O8 

TO 

32-58,  6A-05 

60-  60 

60 

130A-1A0A 

3M 

1  KMT 

2AM 

9/ 

7 

32-02,  6A-08 

TO 

32-58,  6A-05 

0-  60 

60 

1A0A-1A10 

3M 

1  KMT 

25A 

9/ 

7 

32-1A.  6A-05 

TO 

32-08,  6A-12 

500-  520 

510 

1630-1730 

3M 

1  KMT 

25B 

9/ 

7 

32-1  A,  6A-05 

TO 

32-08,  6A-12 

A70-  500 

Ago 

I730-1830 

3M 

1  KMT 

25C 

9/ 

7 

32-lA,  6A-05 

TO 

32-08,  6A-12 

A70-  520 

510 

1830-1930 

3M 

1  KMT 

25M 

9/ 

7 

32- 1 A ,  6A-05 

TO 

32-08,  6A-12 

0-  520 

520 

1930-20A9 

3M 

1  KMT 

26a 

9/ 

8 

31-A8,  6A-00 

TO 

31-58,  6A-00 

90-  90 

90 

2330-0030 

3M 

1  KMT 

26B 

9/ 

8 

3 1 -A8 ,  6A-00 

TO 

31-58,  6A-00 

90-  90 

90 

0030-0130 

3M 

1  KMT 

26C 

9/ 

8 

31-A8,  6A-00 

TO 

31-58,  6A-00 

90-  90 

90 

0130-0230 

3M 

1  KMT 

26M 

9/ 

8 

3I-A8,  6A-00 

TO 

31-58,  6A-00 

0-  90 

90 

0230-02A5 

3M 

1  KMT 

27A 

9/ 

8 

31-58,  6A-01 

TO 

32-07,  6A-OA 

210-  210 

210 

0330-OA3A 

3M 

1  KMT 

278 

9/ 

8 

31-58,  6A-01 

TO 

32-07,  6A-OA 

200-  210 

205 

0A3A-053A 

3M 

1  KMT 

27C 

9/ 

8 

31-58,  6A-01 

TO 

32-07,  6A-0A 

200-  200 

200 

053A-063A 

3M 

1  KMT 

27M 

9/ 

8 

31-58,  6A-01 

TO 

32-07,  6A-OA 

0-  200 

200 

O63A-O70O 

3M 

1  KMT 

28A 

9/ 

8 

32-05,  6A-OA 

TO 

32-12,  6A-16 

375-  39A 

375 

0800-0900 

3M 

1  KMT 

SMITHSONIAN  CONTRIBUTIONS  TO  ZOOIXXiY 


Table  3. — Continued. 


COORDINATES 

DEPTH 

(M) 

SAMPLE  DATE 

TIME 

1968 

NORTH 

WEST  NORTH 

WEST 

LOCAL 

MM/DD 

0-M 

0-M  0-M 

0-M 

MIN-MAX 

MAIN 

START- END 

SB 

9/  8 

32- 

05. 

64-04  TO 

32- 

12, 

64-16 

375- 

394 

375 

0900-1000 

3M 

1  KMT 

Ic 

9/  8 

32- 

05. 

64-04  TO 

32- 

12, 

64-16 

375- 

394 

375 

1000-1100 

3« 

1  KMT 

)m 

9/  8 

32- 

05. 

64-04  TO 

32- 

12. 

64- 1 6 

0- 

375 

375 

1 100-1145 

3M 

1  KMT 

)A 

9/  8 

32- 

08, 

64-11  TO 

32- 

18, 

64-15 

120- 

120 

120 

1215-1300 

3M 

1  KMT 

)B 

9/  8 

32- 

08, 

64-11  TO 

32- 

18. 

64-15 

120- 

120 

120 

1300-1400 

3M 

1  KMT 

)C 

9/  8 

32- 

08, 

64-11  TO 

32- 

18, 

64-15 

120- 

120 

120 

1400-1430 

3M 

1  KMT 

5M 

9/  8 

32- 

08, 

64-11  TO 

32- 

18, 

64-15 

0- 

120 

120 

1430-1445 

3« 

1  KMT 

5N 

9/  8 

32- 

10, 

64-08  TO 

32- 

18, 

64-12 

0- 

100 

100 

1537-1904 

3M 

1  KMT 

N 

9/  8 

31- 

56. 

63*57  TO 

32- 

08, 

64-14 

0- 

1690 

1675 

2330-0300 

3M 

1  KMT 

CRU 

SE  5 

IN 

12/  6 

32- 

30. 

63-46  TO 

32- 

22, 

63-57 

0- 

2441 

2400 

1810-0134 

3  « 

1  KMT 

2N 

12/  7 

32- 

16, 

63-51  TO 

32- 

03, 

63-48 

0- 

2150 

2100 

1319-2015 

3M 

1  KMT 

3N 

12/1  1 

32- 

10. 

64-08  TO 

32- 

25, 

64-20 

0- 

1710 

1500 

1315-1910 

3M 

1  KMT 

4N 

12/1  1 

32- 

01, 

64-15  TO 

32- 

12, 

64-28 

0- 

1400 

1L00 

2239-0540 

3M 

1  KMT 

1969 

CRU 

SE  6 

ID 

4/25 

32- 

01, 

63-53  TO 

32- 

00, 

63-56 

NEUSTON 

0900-1000 

1M 

RING 

2A 

4/25 

31- 

56, 

63-47  TO 

31- 

48, 

63-27 

350- 

350 

350 

1431-1531 

3* 

1  KMT 

2B 

4/25 

31- 

56. 

63-47  TO 

31- 

48, 

63-27 

350- 

350 

350 

1531-1631 

3M 

1  KMT 

20 

4/25 

31- 

■56. 

63-47  TO 

31- 

48. 

63-27 

NEUSTON 

1630-1730 

1M 

RING 

2P 

4/25 

31- 

-56. 

63-47  TO 

31- 

48, 

63-27 

0- 

350 

350 

1631-1821 

3M 

1  KMT 

3A 

4/25 

31- 

-51. 

63-37  TO 

31- 

40, 

63-46 

1200- 

1330 

1275 

2030-2130 

3M 

I  KMT 

3B 

4/25 

31- 

■51. 

63-37  TO 

31- 

40, 

63-46 

1200- 

1330 

1220 

2130-2230 

3M 

1  KMT 

30 

4/25 

31- 

-51. 

63-37  TO 

31- 

40, 

63-46 

NEUSTON 

2200-2300 

1M 

RING 

3P 

4/25 

31- 

■51. 

63-37  TO 

31- 

40, 

63-46 

0- 

1330 

1180 

2230-0049 

3M 

1  KMT 

40 

4/26 

31 

-39. 

63-35  TO 

31- 

40, 

63-35 

NEUSTON 

0330-043A 

IM 

RING 

5A 

4/26 

31- 

-39. 

63-45  TO 

31- 

39. 

63-52 

500- 

500 

500 

0707-0807 

3M 

1  KMT 

5B 

4/26 

31 

-39, 

63-45  TO 

31- 

39. 

63-52 

500- 

500 

500 

0807-0907 

3M 

1  KMT 

50 

4/26 

31 

-39. 

63-45  TO 

31- 

39, 

63-52 

NEUSTON 

0440-0540 

IM 

RING 

5P 

4/26 

31 

-39. 

63-45  TO 

31- 

39. 

63-52 

0- 

500 

500 

0907-1100 

3M 

1  KMT 

6n 

4/26 

31 

-39. 

63-52  TO 

31- 

50, 

63-58 

0- 

1750 

1700 

1200-1900 

3M 

1  KMT 

7A 

4/26 

31 

-47. 

63-53  TO 

31 

55. 

63-57 

155- 

155 

155 

2010-2110 

3M 

1  KMT 

7B 

4/26 

31 

-47. 

63-53  TO 

31 

55. 

63-57 

155- 

155 

155 

21 10-2210 

3M 

1  KMT 

7C 

4/26 

31 

-47. 

63-53  TO 

31 

55. 

63*57 

155- 

155 

155 

2210-2310 

3M 

1  KMT 

70 

4/26 

31 

-47, 

63-53  TO 

31 

55. 

63-57 

NEUSTON 

1949-2049 

IM 

RING 

7M 

4/26 

31 

-47. 

63-53  TO 

31 

55. 

63-57 

0- 

155 

155 

2310-2340 

3« 

1  KMT 

8A 

4/27 

31 

-55. 

63-57  TO 

31 

-59, 

63-58 

300- 

300 

300 

0045-0145 

3M 

1  KMT 

8B 

4/27 

31 

-55. 

63-57  TO 

31 

-59. 

63-58 

300- 

300 

300 

0145-0245 

3M 

1  KMT 

80 

4/27 

31 

-55. 

63-57  TO 

35 

-59. 

63-58 

NEUSTON 

0015-0115 

IM 

RING 

8E 

4/27 

31 

-55. 

63-57  TO 

31 

-59. 

63-58 

NEUSTON 

0200-0304 

IM 

RING 

8F 

4/27 

3' 

-55. 

63-57  TO 

31 

-59. 

63-58 

NEUSTON 

0315-0415 

IM 

RING 

8p 

4/27 

31 

-55. 

63-57  TO 

31 

-59. 

63-58 

0- 

300 

300 

0245-0415 

3M 

1  KMT 

9A 

4/27 

31 

-59. 

63-57  TO 

31 

-57. 

63-52 

425- 

425 

425 

0534-0634 

3M 

1  KMT 

9B 

4/27 

3! 

-59. 

63-57  TO 

31 

-57. 

63-52 

425- 

425 

425 

0634-0734 

3M 

1  KMT 

9P 

4/27 

31 

-59. 

63-57  TO 

31 

-57. 

63-52 

0- 

425 

425 

0734-0919 

3M 

1  KMT 

0A 

4/2? 

31 

-59. 

63-43  TO 

31 

-59. 

63-36 

900- 

900 

900 

1 100-1200 

3M 

1  KMT 

0B 

4/27 

31 

-59. 

63-43  TO 

31 

-59. 

63-36 

900 

900 

900 

1200-1300 

3M 

1  KMT 

OP 

4/27 

31 

-59. 

63-43  TO 

31 

-59. 

63-36 

0- 

900 

900 

1300-1449 

3M 

1  KMT 

IA 

4/27 

31 

-57 

63-37  TO 

32 

-05. 

63-42 

800 

800 

800 

1800-1900 

3N 

1  KMT 

IB 

4/27 

3' 

-57 

63-37  TO 

32 

-05. 

63-42 

800 

800 

800 

1900-2000 

3M 

1  KMT 

IP 

4/27 

31 

-57 

63-37  TO 

32 

-05. 

63-42 

0 

800 

800 

2000-2204 

3M 

1  KMT 

2A 

4/27 

32 

-05 

63-42  TO 

32 

-13. 

63-44 

50 

50 

50 

2300-0000 

3  M 

1  KMT 

2B 

4/2  7 

32 

-05 

63-42  TO 

32 

-13. 

63-44 

50 

50 

50 

0000-0100 

3M 

1  KMT 

12C 

4/27 

32 

-05 

63-42  TO 

32 

-13. 

63-44 

50 

-  50 

50 

0100-0200 

3M 

1  KMT 

12M 

4/27 

32 

-05 

63-42  TO 

32 

-13. 

63-44 

0 

-  50 

50 

0200-0204 

3M 

1  KMT 

13A 

4/28 

32 

-13 

63-44 

175 

-  175 

175 

0449-0549 

3M 

1  KMT 

1 3B 

4/28 

32 

-13 

63-44 

175 

-  175 

175 

0549-0649 

3M 

1  KMT 

I3P 

4/28 

32 

-13 

63-44 

0 

-  175 

175 

0649-0815 

3M 

1  KMT 

1 4A 

4/28 

32 

-20 

63-51 

55 

-  60 

60 

1316-1416 

3M 

1  KMT 

14B 

4/28 

32 

-20 

63-51 

58 

-  60 

60 

1416-1516 

3M 

1  KMT 

.♦.'3 

•w 


9 

I'ill  _ 

b 


to 

to, 


NUMBER  452 


L 

J> 

ft 


SAMPLE 


Tabi.k  3. — Cominued. 


COORDINATES 


DATE 

1969  NORTH 
MM/D 0  D-M 


32-20, 

32-20, 

32-13. 

32-13. 

32-13. 

32-18, 

32-18, 

32-18, 

32-18. 

32-19, 

32-19. 

32-19. 

32-14, 

32-14. 

32-14, 

32-08, 

32-08, 

32-08, 

31- 57. 

32- 17. 
32-17. 
32-23. 
32-13. 
32-18, 
32-18, 
32-02, 


32-10. 

32-12, 

32-12, 

32-02. 

32-02, 

32-13, 

32-19. 

32-18. 

32-18, 

32-18, 

32-07. 

32-07, 

32-07. 

32-09, 

32-09. 

32-09, 

32-17. 

32-19. 

32-30, 

32-18, 

32-12. 

32-12, 

32-21. 

32-26, 

32-26, 

32-31. 

32-31, 

32-31. 

32-31. 

32-34, 

32-42, 


63-51 
63-51 
63-51 
63-51 
63-51 
63-50  TO 
63-50  TO 
63-50  TO 
63-50  TO 
63-37  TO 
63-37  TO 
63-37  TO 
63-46 
63-46 
63-46 
63-46  TO 
63-46  TO 
63-46  TO 
63-46 

63-46 
63-45  TO 
63-43  TO 
63-40  TO 
63-53  TO 
63-55 
63-53  TO 


63-30  TO 
63-12  TO 
63-12  TO 
63-05  TO 
63-05  TO 
63-23  TO 
63-25  TO 
63-33  TO 
63-33  to 
63-33  TO 
63-40  TO 
63-40  TO 
63-40  TO 
63-45  TO 
63-45  TO 
63-45  TO 
63-45  TO 
63-38  TO 
63-30  TO 
63-30  TO 
63-25  TO 
63-25  TO 
63-29  TO 
63-38  TO 
63-38  TO 
63-41  TO 
63-41  TO 
63-41  TO 
63-41  TO 
63-45  TO 
63-49  TO 


32-20,  63-38 
32-20,  63-38 
32-20,  63-38 
32-20.  63-38 
32-13.  63-46 
32-13.  63-46 
32-13.  63-46 


31-56,  63-45 
31-56.  63-45 
31-56,  63-45 


32-23.  63-43 
32-15,  63-41 
32-18,  63-53 
32-18,  63-55 

32-02,  63-53 

CRUISE  7 

32-12,  63-31 
32-00,  63-00 
32-00,  63-00 
32-05.  63-08 
32-05,  63-08 
32-17.  63-23 
32-19.  63-28 
32-20,  63-35 
32-20,  63-35 
32-20,  63-35 
32-07.  63-47 
32-07. .63-47 
32-07.  63-47 
32-13.  63-45 
32-13.  63-45 
32-13.  63-45 
32-20.  63-45 
32-19.  63-32 
32-21,  63-30 
32-11,  63-30 
32-20,  63-25 
32-20,  63-25 
32-26,  63-38 
32-31.  63-41 
32-31.  63-41 

32-34,  63-44 
32-34,  63-44 
32-34.  63-44 
32-34,  63-44 
32-39.  63-48 
32-47,  63-53 


DEPTH  (M) 

_  TIME 

LOCAL 

MIN-MAX  MAIN  START-END 


58-  58  58 

0-  58  58 

160-  160  160 
160-  160  160 
0-  160  160 
130-  140  135 

130-  140  135 

130-  140  135 

0-  140  135 

225-  235  230 
225-  235  230 

0-  235  230 

750-  750  750 
750-  750  750 
0-  750  750 
225-  225  225 
225-  225  225 

0-  225  225 
0-  550  550 
0-1050  1050 
0-  400  400 

0-2250  2100 
0-  750  750 

0-  10  10 

0-  200  200 
DIP  NET 


0-  520 

NEUSTON 

0-  125 

NEUSTON 

0-  450 
0-  200 
0-  600 
NEUSTON 
NEUSTON 

0-  50 

NEUSTON 

NEUSTON 

0-  125 

NEUSTON 

NEUSTON 

0-  250 
0-  150 
0-  450 
0-  725 
0-1500 
NEUSTON 

0-  250 
0-  450 

NEUSTON 

0-  165 

NEUSTON 

NEUSTON 

NEUSTON 

0-  320 
0-  580 
0-  750 


3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3N  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
DIP  NET 


LG.  EMT 
1M  RING 
LG.  EMT 
1M  RING 
LG.  EMT 
LG.  EMT 
LG.  EMT 
1M  RING 
1M  RING 
LG.  EMT 
1M  RING 
1M  RING 
LG.  EMT 
1M  RING 
1M  RING 
LG.  EMT 
SM.  EMT 
SM.  EMT 
3M  I  KMT 
3M  I  KMT 
1M  RING 
3M  I  KMT 
3M  I  KMT 
iM  RING 
3M  I  KMT 
1M  RING 
1M  RING 
1M  RING 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 


| 

5S 


I 

I 


ft* 


w 


SMITHSONIAN  CONTRIBUTIONS  TO  ZOOLOGY 


Table  3. — Continued. 


COORDINATES 


SAMPLE 


DATE 

1969  NORTH 
MM/DD  0-M 


NORTH  WEST 
D-M  D-M 


32-53.  63-<*9  TO  32-56.  63-52 
32-59.  63-55  TO  33-02*,  64-00 
32-59.  63-55  TO  33-02* ,  64-00 
32-59.  63-55  TO  33-02*.  6i*-00 
32-59.  63-55  TO  33-02*,  64-00 
32-59.  63-55  TO  33-01*.  64-00 


31-1*8,  62*- 70  TO  31-55,  64-13 

31-1*8,  62*- 10  TO  31-55,  62*- 1 3 

31-1*8,  64-10  TO  31-55,  64-13 

31-48,  64-10  TO  31-55,  64-14 

31- 42.  63-51  TO  31-56,  63-57 

32- 23,  63-41  TO  32-13,  63-30 

32-15.  63-35  TO  31-59.  63-44 


CRUISE  9 


32-17. 

32-17, 

32-17. 

32-04. 

31-55. 

31-55. 

31-54. 

31-54. 

31-53. 

31-53. 

31-53. 

31-52. 

31-52, 

31-51. 

31-51. 

31-51. 

31-58, 


64-23  TO 
64-23  TO 
64-23  TO 
64-15  TO 
64-16  TO 
64-16  TO 
64-17  TO 
64-17  TO 
64-22  TO 
64-22  TO 
64-22  TO 
64-24  TO 
64-24  TO 
64-26  TO 
64-26  TO 
64-26  TO 
64-18  TO 


32-11, 

32-11. 

32-11, 

32-03. 

31-54, 

31-54, 

31-54. 

31-54, 

31-51. 

31-51. 

31-51, 

31-49, 

31-49, 

31-53, 

31-53, 

31- 53, 

32- 01, 


31- 58. 

32- 01. 
32-01. 
32-01. 
32-03. 
32-03. 
32-03, 
32-03. 
32-00, 
31-57. 
31-54, 
31-53. 
31-45, 
31*40, 
31-32, 
31-36. 
31-39, 
31-46, 
31-51. 
31-44, 
31-49, 
31-55. 

31- 53, 

32- 04, 


64-18  TO 
64-14  TO 
64-14  TO 
64-14  TO 
64-05  TO 
64-05  TO 
64-05  TO 
64-05  TO 
64-00  TO 
63-56  TO 
63-46  TO 
63-42  TO 
63-34  TO 
63-29  TO 
63-26  TO 
63-30  TO 
63-31  TO 

63- 47  TO 

64- 06  TO 
64-01  TO 
63-55  TO 
63-47  TO 
63-55  TO 
63-42  TO 


32-01, 

32-03, 

32-03, 

32-03. 

32-00, 

32-00, 

32-00, 

32-00, 

31-57. 

31-51. 

31-53, 

31-45, 

31-40, 

31-33. 

31-35. 

31-40, 

31-46, 

31-50, 

31-44, 

31-48, 

31-53. 

31- 53, 

32- 05. 
32-07, 


DEPTH  (M) 


MIN-MAX 


TIME 

LOCAL 

START-END 


0-1500  1450  1318-1625  3M  I  KMT 


NEUSTON 

NEUSTON 

NEUSTON 

NEUSTON 


1810-1910 

1916-1954 

1958-2040 

2043-2107 


0-1275  1225  1652-2110 


1M  RING 
1M  RING 
1M  RING 
1M  RING 
3M  I  KMT 


470-  470  470  1100-1200  3M  I  KMT 

470-  470  470  1200-1300  3M  I  KMT 

0-  470  470  1300-1449  3M  I  KMT 

0-  220  220  2019-2304  3M  I  KMT 

0-1000  1000  0904-1700  3M  I  KMT 

0-  220  220  0704-0945  3M  I  KMT 


0-  550  550  1109-1557  3M  I  KMT 


NEUSTON 
0-  440 
0-  440 
0-  180 
NEUSTON 

0-  870 

NEUSTON 
0-  140 
NEUSTON 
NEUSTON 
0-  400 
NEUSTON 
0-  80 
NEUSTON 
NEUSTON 
0-1200 
NEUSTON 


0-1150 

NEUSTON 

NEUSTON 

0-  900 

NEUSTON 
NEUSTON 
NEUSTON 
0-  610 
0-  55 
0-1550 
0-  280 
0-  730 
0-  290 
0-  40 

0-  585 

0-  280 
0-  110 
0-  950 
0-  80 
0-  485 
0-  400 
0-  180 
0-1250 
0-1070 


1434-1534 

1334-1645 

1300-1334 

0230-0334 

1325-1425 

0955-1455 

1518-1618 

1525-1637 

2040-2140 

2145-2245 

2034-2325 

0219-0340 

0219-0400 

0730-0830 

0840-0940 

0849-1355 

2019-2119 

1604-2110 

2155-2315 

2319-0019 

2125-0100 

0030-0130 

0130-0230 

0355-0449 

0110-0440 

0445-0649 

0715-1219 

1555-1910 

1925-2340 

2349-0325 

0340-0649 

0930-1149 

1348- 1634 
1919-2145 
2345-0430 
0440-0719 
0945-1143 

1349- 1634 
1925-2145 
0004-0437 
0830-1300 


.5  RING 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
.5  RING 
3M  I  KMT 
•5  RING 
3M  I  KMT 
•5  RING 
.5  RING 
3M  I  KMT 
.5  RING 
3M  I  KMT 
.5  RING 
.5  RING 
3M  I  KMT 
1M  RING 


3M  I  KMT 
.5  RING 
.5  RING 
3M  I  KMT 
.5  RING 
.5  RING 
.5  RING 
3M  I  KMT 
3M  I  KMT 
3M  1KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 


m 


ft* 


M  M  FU  R  *52 


O 


Table  3. — Continued. 


COORDINATES 


DATE 

1970  NORTH  WEST 
MM/00  D-M  D-H 


_  DEPTH  (M) 

_  TIME 

NORTH  WEST  LOCAL 

0-M  D-H  MIN-MAX  MAIN  START-END 


28n 

3/22 

32-07.  63-32 

TO 

32-12,  63-1*2 

0-  700 

420 

1304-1655 

3M 

1  KMT 

29N 

3/22 

32-12,  63-LO 

TO 

32-13,  63-1*2 

0-  100 

95 

1945-2157 

3M 

1  KMT 

30N 

3/22 

32-13.  63-L2 

TO 

32-00,  63-1*2 

0-3500 

3500 

2210-0710 

3M 

1  KMT 

3IN 

3/23 

32-OL,  63-L5  TO 

32-19,  63-39 

0-1500 

1475 

0834-13L9 

3M 

1  KMT 

32N 

3/23 

32-17,  63-36  TO 

32-27.  63-33 

0-  90 

65 

1404-17)9 

3M 

1  KMT 

33N 

t/n 

to 

TOC 

1  U  UT 

jC  C  LJ  ,  0  j  Ml 

U  4UU 

1 93 1  2200 

3M 

1  KMT 

CRUISE  10 

ID 

6/ 

1 

32-00,  6L-29 

TO 

32-IL,  6L-27 

NEUSTON 

1515-1615 

1M 

RING 

IE 

6/ 

l 

32-00,  6L-29 

TO 

32-IL,  6L-27 

NEUSTON 

1619-1715 

1M 

RING 

IF 

6/ 

l 

32-00.  6L-29 

TO 

32-IL,  6L-27 

NEUSTON 

1719-1815 

1M 

RING 

1 G 

6/ 

1 

32-00,  6L-29 

TO 

32-IL,  6L-27 

NEUSTON 

1819-1904 

1M 

RING 

IN 

6/ 

l 

32-00,  6L-29 

TO 

32-IL,  6L-27 

0-  925 

875 

1418-1 940 

3M 

1  KMT 

2A 

6/ 

1 

32-13,  6L-23 

TO 

32-22.  6L-19 

100-  100 

100 

2104-2204 

3M 

1  KMT 

2B 

6/ 

1 

32-13,  6L-23 

TO 

32-22,  6L-19 

100-  100 

100 

2204-2304 

3M 

1  KMT 

2C 

6/ 

1 

32-13.  6L-23 

TO 

32-22,  6L-19 

100-  100 

100 

2304-0004 

3M 

1  KMT 

20 

6/ 

1 

32-13,  6L-23 

TO 

32-22,  6L-19 

NEUSTON 

2045-21 15 

1M 

RING 

2E 

6/ 

l 

32-13,  6L-23 

TO 

32-22,  6L-19 

NEUSTON 

2125-2155 

1M 

RING 

2F 

6/ 

1 

32-13,  6L-23 

TO 

32-22,  6L-19 

NEUSTON 

2204-2234 

1M 

RING 

2G 

6/ 

1 

32-13.  6L-23 

TO 

32-22,  6L-19 

NEUSTON 

2240-2310 

1M 

RING 

2H 

6/ 

1 

32-13.  6L-23 

TO 

32-22,  6L-19 

NEUSTON 

2319-2349 

1M 

RING 

2M 

6/ 

1 

32-13,  6L-23 

TO 

32-22,  6L-I9 

0-  100 

100 

0004-0019 

3M 

1  KMT 

3A 

6/ 

2 

32-1L,  6L-13 

TO 

32-25.  6L-08 

200-  200 

200 

0415-0515 

3« 

1  KMT 

38 

6/ 

2 

32-1L,  6L-13 

TO 

32-25,  6L-08 

200-  200 

200 

0515-0615 

3M 

1  KMT 

3C 

6/ 

2 

32-1L,  6L-13 

TO 

32-25.  6L-08 

200-  200 

200 

0615-07 15 

3M 

1  KMT 

3D 

6/ 

2 

32-1L,  6L-13 

TO 

32-25.  6L-O8 

NEUSTON 

0345-0415 

1M 

RING 

3E 

6/  2 

32-IL,  6L-I3 

TO 

32-25,  6L-O8 

NEUSTON 

04)9-0449 

IM 

RING 

if 

6/ 

2 

32-1L.  6L-I3 

TO 

32-25.  6L-O8 

NEUSTON 

0455-0525 

1M 

RING 

3G 

6/ 

2 

32-IL.  6L-13 

TO 

32-25.  6L-08 

NEUSTON 

0530-0600 

1M 

RING 

3H 

6/ 

2 

32-IL.  6L-13 

TO 

32-25.  64-08 

NEUSTON 

0604-0704 

1M 

RING 

3M 

6/ 

2 

32-IL.  6L-13 

TO 

32-25,  64-08 

0-  200 

200 

0715-0737 

3M 

1  KMT 

LA 

6/ 

2 

32-18,  6L- 1 2 

TO 

32-33.  64-05 

800-  800 

800 

1455-1555 

3M 

1  KMT 

LB 

6/ 

2 

32-18,  6L-12 

TO 

32-33,  64-05 

800-  800 

800 

1555-1655 

3M 

1  KMT 

4C 

6/ 

2 

32-18,  6L- 1 2 

TO 

32-33,  64-05 

800-  800 

800 

1655-1755 

3M 

1  KMT 

4D 

6/ 

2 

32-18,  6L- 1 2 

TO 

32-33,  64-05 

NEUSTON 

1400-1500 

1M 

RING 

4E 

6/ 

2 

32-18,  6L-12 

TO 

32-33.  64-05 

NEUSTON 

1507-1610 

1M 

RING 

4F 

6/ 

2 

32-18,  6L-12 

TO 

32-33.  64-05 

NEUSTON 

1/00-1800 

1M 

RING 

LG 

6/ 

2 

32-18,  6L-12 

TO 

32-33,  64-05 

NEUSTON 

1804-1855 

1M 

RING 

LM 

6/ 

2 

32-18,  6L-12 

TO 

32-33.  64-05 

0-  800 

800 

1755-1900 

3M 

1  KMT 

5* 

6/ 

2 

32-33.  6L-OL 

TO 

32-23.  64-11 

600-  600 

600 

2030-2130 

3M 

1  KMT 

58 

6/ 

2 

32-33.  6L-0L 

TO 

32-23,  64-11 

600-  600 

600 

2130-2330 

3M 

1  KMT 

5D 

6/ 

2 

32-33,  6L-0L 

TO 

32-23,  64-11 

NEUSTON 

1949-2055 

1M 

RING 

5E 

6/ 

2 

32-33.  6L-0L 

TO 

32-23,  64-11 

NEUSTON 

2100-2130 

1M 

RING 

5F 

6/ 

2 

32-33,  6L-OL 

TO 

32-23,  64-11 

NEUSTON 

2134-2204 

1M 

RING 

5G 

6/ 

2 

32-33,  6L-OL 

TO 

32-23,  64-11 

NEUSTON 

2210-2240 

1M 

RING 

5H 

6/ 

2 

32-33.  6L-0L 

TO 

32-23,  64-11 

NEUSTON 

2245-2315 

1M 

RING 

5M 

6/ 

2 

32-33,  6L-0L 

TO 

32-23,  64-11 

0-  600 

600 

2330-0030 

3M 

1  KMT 

6A 

6/ 

3 

32-22,  6L-1L 

TO 

32-16,  64-21 

290-  290 

290 

0300-0400 

3M 

1  KMT 

6B 

6/ 

3 

32-22,  6L-1L 

TO 

32-16,  64-21 

290-  290 

290 

0400-0500 

3M 

1  KMT 

6m 

6/ 

3 

32-22,  6L-1L 

TO 

32-16,  64-21 

0-  290 

290 

0500-0519 

3M 

1  KMT 

7A 

6/ 

3 

32-16,  6L-21 

TO 

32-03,  64-25 

1000-1120 

1060 

0725-0825 

3M 

1  KMT 

78 

6/ 

3 

32-16,  6L-21 

TO 

32-03,  64-25 

970-1060 

975 

0825-0925 

3M 

1  KMT 

7M 

6/ 

3 

32-16,  6L-2I 

TO 

32-03,  64-25 

0-  970 

950 

0925-1037 

3M 

1  KMT 

8A 

6/ 

3 

32-02,  6L-25 

TO 

31-55.  64-25 

90-  90 

90 

1304-1404 

3M 

1  KMT 

88 

6/ 

3 

32-02,  6L-25 

TO 

31-55.  64-25 

90-  90 

90 

1404-1504 

3M 

1  KMT 

80 

6/ 

3 

32-02,  6L-25 

TO 

31-55.  64-25 

NEUSTON 

1440-1525 

IM 

RING 

8M 

6/ 

3 

32-02,  6L-25 

TO 

31-55.  64-25 

0-  90 

90 

1504-1518 

3M 

1  KMT 

9A 

6/ 

3 

31-56,  6L  25 

TO 

31-47,  64-19 

55-  55 

55 

1549-1649 

3M 

1  KMT 

98 

6/ 

3 

31-56,  6L-25 

TO 

31-47,  64-19 

55-  55 

55 

1649-1749 

3M 

1  KMT 

9D 

6/ 

3 

31-56,  64-25 

TO 

31-47,  64-19 

NEUSTON 

1545- 1645 

IM 

R 1 NG 

SMITHSONIAN  CONTRIBUTIONS  IO  /OOlXXiY 


r 


j 


Tabi.k  -V — (loniimicd. 


COORDINATES 


DATE 

1970  NORTH 
MM/OD  D-M 


DEPTH  (M) 

_  T  I  HE 

LOCAL 

M IN-MAX  MAIN  START-END 


31-56. 

31-56. 

31-51. 

31-51. 

31-51. 

31-51. 


-1.7.  66-19 
-67,  66-19 
-00,  66-16 
-00.  66-16 
-00,  66-16 
-00,  66-16 


NEUSTON 
0-  55  50 

825-  825  825 
825-  825  825 

NEUSTON 

NEUSTON 


)669-1715 

1769-1815 

2225-2325 

2325-0025 

2015-2106 

2206-2260 


-51.  66-19 

TO 

32-00,  66-16 

NEUSTQN 

2265-2319 

-51.  66-19  TO 

32-00,  66-16 

NEUSTON 

2369-0019 

-51.  66-19 

TO 

32-00.  66-16 

0-  825 

825 

0025-0125 

-00,  66-16 

TO 

32-09,  66-17 

150-  150 

150 

0200-0300 

-00.  66-16 

TO 

32-09,  66-17 

150-  150 

150 

0300-0600 

-00.  66-16 

TO 

32-09.  66-17 

0-  150 

150 

0600-0619 

-23.  66-66 

TO 

31-07.  66-63 

600-  600 

600 

0769-0869 

-23.  66-66 

TO 

31-07,  66-63 

600-  600 

600 

0869-1069 

-23.  66-66 

TO 

31-07,  66-63 

NEUSTON 

0719-0819 

-23.  66-66 

TO 

31-07,  66-63 

NEUSTON 

0836-0936 

-23.  66-66 

TO 

31-07,  66-63 

NEUSTON 

0965-1065 

-23.  66-66 

TO 

31-07,  66-63 

0-  600 

600 

IO69- 1119 

-09,  66-62 

TO 

31-19.  66-61 

200-  200 

200 

1315-1615 

-09.  66-62 

TO 

31-19.  66-61 

200-  200 

200 

1615-1515 

-C9,  66-62 

TO 

31-19,  66-61 

200-  200 

200 

1515-1615 

-09,  66-62 

TO 

31-19.  66-61 

0-  200 

200 

1615-1660 

-26,  66-66 

TO 

31-19.  66-69 

210-  210 

210 

1819-1925 

-26,  66-66 

TO 

31-19.  66-69 

210-  210 

210 

1925-2019 

-26,  66-66 

TO 

31-19,  66-69 

210-  210 

210 

2019-2119 

-26,  66-66 

TO 

31-19,  66-69 

NEUSTON 

2000-2030 

-26,  66-66 

TO 

31-19.  66-69 

0-  210 

210 

21 19-2137 

-29.  66-69  TO 

31-65,  66-58 

205-  205 

205 

2215-2315 

-29.  66-69  TO 

31-65,  66-58 

205-  205 

205 

2315-2615 

-29,  66-69  TO 

31-65,  66-58 

205-  205 

205 

2615-0115 

-29.  66-69  TO 

31-65,  66-58 

0-  205 

205 

0115-0136 

-66.  66-57 

TO 

31-36,  66-55 

50-  50 

50 

0200-0300 

-66,  66-57 

TO 

31-36,  66-55 

50-  50 

50 

0300-0600 

-66.  66-57 

TO 

31-36.  66-55 

50-  50 

50 

0600-0500 

-66.  66-57 

TO 

31-36,  66-55 

NEUSTON 

0600-0630 

-66,  66-57 

TO 

31-36,  66-55 

0-  50 

50 

0500-0525 

-36,  66-55 

TO 

31-29,  66-56 

100-  100 

100 

0555-0619 

-36.  66-55  TO 

31-29.  66-56 

100-  100 

100 

0619-0665 

-31*.  66-55 

TO 

31-29,  66-56 

0-  100 

90 

0665-0725 

-25.  66-56  TO 

3 1 - 16 .  66-56 

880-1050 

975 

1015-1115 

-25.  66-56  TO 

31-16,  66-56 

1050-1160 

1 1 10 

1115-1215 

-25.  66-56  TO 

31-16,  66-56 

1 160-1170 

1170 

1215-1315 

-25,  66-56  TO 

31-16,  66-56 

0-1170 

1170 

1315-1 606 

-16,  66-52 

TO 

31-27,  66-69 

690-  520 

500 

1600-1700 

-16,  66-52 

TO 

31-27.  66-69 

520-  520 

520 

1700-1800 

-16,  66-52 

TO 

31-27.  66-69 

520-  520 

520 

1800-1900 

-16,  66-52 

TO 

31-27,  66-69 

0-  520 

520 

1900-1937 

-27.  66-69  TO 

31-50,  66-56 

NEUSTON 

22 10-2260 

-27.  66-69  TO 

31-50,  66-56 

NEUSTON 

2265-2315 

-27.  66-69  TO 

31-50,  66-56 

NEUSTON 

2319-2369 

-27.  66-69  TO 

31-50,  66-56 

NEUSTON 

0000-0030 

-27,  66-69  TO 

31-50,  66-56 

NEUSTON 

0069-0119 

-27.  66-69  TO 

31-50,  66-56 

0-  880 

880 

1955-0136 

-65.  66-51 

TO 

31-32,  66-51 

630-  630 

630 

1322-1622 

-65.  66-51 

TO 

31-32,  66-51 

630-  630 

630 

1622-1522 

-65,  66-51 

TO 

31-32,  66-51 

630-  630 

630 

1522-1622 

-65,  66-51 

TO 

31-32,  66-51 

NEUSTON 

1 36O-I66O 

-65,  66-51 

TO 

31-32.  66-51 

NEUSTON 

1665-1565 

-65.  66-51 

TO 

31-32.  66-51 

NEUSTON 

1569-1625 

-65,  66-51 

TO 

3 1 - 32 ,  66-51 

0-  630 

630 

1622-1706 

1M  RING 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
1M  RING 
1M  RING 
1M  RING 
1M  RING 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
1M  RING 
1M  RING 
1M  RING 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
1M  RING 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3H  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
1M  RING 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
1M  RING 
1M  RING 
1M  RING 
1M  RING 
1M  RING 
3M  I  KMT 

3M  I  KMT 
3N  I  KMT 
3N  I  KMT 
1M  RING 
1M  RING 
1M  RING 
3M  I  KMT 


uliSL 


Nl'MHKK  452 


I  ABi.t  3. — ('.ontiniu’d. 


COORDINATES 


DEPTH  (M) 


SAMPLE 

DATE 
1970 
MM/  0  D 

NORTH  WEST 
0-M  0-M 

NORTH  WEST 

D-M  0-M 

MIN-MAX 

MAIN 

TIME 

LOCAL 

START-END 

GEAR 

24A 

6/ 

7 

31-26,  64-50 

TO 

31-15.  64-50 

950-1080 

1050 

1855-1955 

3M 

1  KMT 

248 

6/ 

7 

31-26,  64-50 

TO 

31-15,  64-50 

1080-1080 

1080 

1955-2055 

3* 

1  KMT 

24C 

6/ 

7 

31-26,  64-50 

TO 

31-15,  64-50 

1080-1080 

1080 

2055-2155 

3* 

1  KMT 

24D 

6/ 

7 

31-26,  64-50 

TO 

31-15.  64-50 

NEUSTON 

2055-2130 

1M 

RING 

24E 

6/ 

7 

31-26,  64-50 

TO 

31-15,  64-50 

NEUSTON 

2133-2204 

1M 

RING 

24F 

6/ 

7 

31-26,  64-50 

TO 

31-15.  64-50 

NEUSTON 

2207-2245 

1M 

RING 

24G 

67 

7 

31-26,  64-50 

TO 

31-15,  64-50 

NEUSTON 

0037-0115 

1M 

RING 

24H 

6/ 

7 

31-26,  64-50 

TO 

31-15,  64-50 

NEUSTON 

C207-024S 

1M 

RING 

24J 

6/ 

7 

31-26,  64-50 

TO 

31-15,  64-50 

NEUSTON 

0345-0* 15 

1M 

RING 

24M 

6/ 

7 

31-26,  64-50 

TO 

31-15,  64-50 

0-1080 

O 

OO 

O 

2155-2319 

3* 

1  KMT 

25D 

6/ 

8 

31-15.  64-50 

TO 

31-17,  64-50 

NEU.'TON 

0510-0534 

1M 

RING 

25E 

6/ 

8 

31-15.  64-50 

TO 

31-17,  64-50 

NEUSi .N 

0540  0730 

IM 

RING 

25F 

6/ 

8 

31-15.  64-50 

TO 

31-17,  64-50 

NEUSTON 

0749-0849 

1M 

RING 

26P 

6/ 

8 

31-41,  64-50 

TO 

31-29,  64-5! 

0-  170 

170 

1025-1340 

3* 

1  KMT 

27A 

6/ 

8 

31-30.  64-53 

TO 

31-30.  64-53 

no-  110 

1  10 

1849-1910 

3M 

1  KMT 

2  7  B 

6/ 

8 

31-30,  64-53 

TO 

31-30,  64-53 

no-  110 

1  10 

1910-1930 

3M 

1  KMT 

27C 

6/ 

8 

31-30.  64-53 

TO 

31-30.  64-53 

1 10-  1 10 

110 

1930-1949 

3M 

1  KMT 

27M 

6/ 

8 

31-30.  64-53 

TO 

31-30,  64-53 

0-  1  10 

1  10 

1949-2000 

3M 

1  KMT 

28D 

6/ 

8 

31-30.  64-53 

TO 

31-18,  64-54 

NEUSTON 

2100-2134 

IM 

RING 

2  8  E 

6/ 

8 

31-30.  64-53 

TO 

31-18,  64-54 

NEUSTON 

2140-2204 

1M 

RING 

28G 

6/ 

8 

31-30,  64-53 

TO 

31-18,  64-54 

NEUSTON 

2340-0004 

IM 

RING 

28n 

6/ 

8 

31-30,  64-53 

TO 

31-18.  64-54 

0-  580 

580 

2016-0030 

3M 

1  KMT 

29A 

6/ 

9 

31-17.  64-54 

TO 

31-10,  64-57 

430-  430 

430 

01 15-0215 

3* 

1  KMT 

29B 

6/ 

9 

31-17.  64-54 

TO 

31-10,  64-57 

430-  430 

430 

0216-0315 

3M 

1  KMT 

29c 

6/ 

9 

31-17.  64-54 

TO 

31-10.  64-57 

430-  430 

430 

0315-0415 

3M 

1  KMT 

29M 

6/ 

9 

31-17.  64-54 

TO 

31-IO,  64-57 

0-  430 

430 

0415-0443 

3M 

1  KMT 

30A 

6/ 

9 

31-13.  64-51 

TO 

31-16,  64-55 

30-  30 

30 

0540-0600 

3M 

1  KMT 

30B 

6/ 

9 

31-13.  64-51 

TO 

31-16,  64-55 

30-  30 

30 

0600-0619 

3M 

1  KMT 

30c 

6/ 

9 

31-13.  64-51 

TO 

31-16.  64-55 

30-  30 

30 

0619-0640 

3M 

1  KMT 

30M 

6/ 

9 

31-13.  64-51 

TO 

31-16,  64-55 

0-  30 

30 

0640-0645 

3M 

1  KMT 

31A 

6/ 

9 

31-17.  64-55 

TO 

31-30,  64-51 

300-  300 

300 

0730-0830 

3M 

1  KMT 

31B 

6/ 

9 

31-17.  64-55 

TO 

31-30.  64-51 

300-  300 

300 

0830-0930 

3M 

1  KMT 

31c 

6/ 

9 

31-17.  64-55 

TO 

31-30,  64-51 

300-  300 

300 

0930-1030 

3M 

1  KMT 

31M 

6/ 

9 

31-17,  64-55 

TO 

31-30,  64-51 

0-  300 

300 

1030-1049 

3M 

1  KMT 

32A 

6/ 

9 

31-33.  64-53 

TO 

31-45,  64-47 

170-  170 

170 

1315-1415 

3M 

1  KMT 

3  2  B 

6/ 

9 

31-33.  64-53 

TO 

3>-45,  64-47 

170-  170 

170 

1415-1515 

3M 

1  KMT 

32C 

6/ 

9 

31-33.  64-53 

TO 

31-45,  64-47 

170-  170 

170 

1515-1615 

3M 

1  KMT 

3  2  D 

6/ 

9 

31-33.  64-53 

TO 

31-45,  64-47 

NEUSTON 

1515-1615 

IM 

RING 

32M 

6/ 

9 

31-33.  64-53 

TO 

31-45,  64-47 

0-  170 

170 

1615-163'. 

3M 

1  KMT 

33  A 

6/ 

9 

31-41,  64-46 

TO 

31-36,  64-46 

300-  340 

320 

1715-1800 

3« 

1  KMT 

3  3  B 

6/ 

9 

31-41 ,  64-46 

TO 

31-36,  64-46 

340-  340 

340 

1800-1845 

3M 

1  KMT 

33C 

6/ 

9 

31-41,  64-46 

TO 

31-36,  64-46 

340-  350 

31*5 

1845-1930 

3M 

1  KMT 

330 

6/ 

9 

31-41,  64-46 

TO 

.31-36,  64-46 

NEUSTON 

1819-1855 

IM 

RING 

33E 

6/ 

9 

31-41,  64-46 

TO 

31-36,  64-46 

NEUSTON 

1900-1934 

IM 

RING 

33* 

6/ 

9 

31-41,  64-46 

TO 

31-36,  64-46 

0-  340 

340 

1930-2000 

3M 

1  KMT 

34a 

6/ 

9 

31-33.  64-46 

TO 

31-23,  64-47 

520-  520 

520 

2104-2204 

3M 

1  KMT 

348 

6/ 

9 

31-33.  64-46 

TO 

31-23,  64-47 

520-  520 

520 

2204-2304 

3M 

1  KMT 

34C 

6/ 

9 

31-33.  64-46 

TO 

31-23,  64-47 

520-  520 

520 

2304-0004 

3M 

1  KMT 

340 

6/ 

9 

31-33.  64-46 

TO 

31-23,  64-47 

NEUSTON 

’025-2110 

IM 

RING 

3**  E 

6/ 

9 

31-33.  64-46 

TO 

31-23,  64-47 

NEUSTON 

2  10-2145 

IM 

RING 

3LF 

6/ 

9 

31-33,  64-46 

TO 

31-23,  64-47 

NEUSTON 

2149-2246 

IM 

RING 

34G 

6/ 

9 

31-33.  64-46 

TO 

31-23,  64-4? 

NEUSTON 

2249-2345 

IM 

RING 

3  AM 

6/ 

9 

31-33,  64-46 

TO 

31-23.  64-47 

0-  520 

520 

0004-0034 

3* 

1  KMT 

35* 

6/ 10 

31-24,  64-48 

TO 

31-09,  64-52 

360-  36O 

360 

0215-0315 

3* 

1  KMT 

358 

6/ ;  0 

31-24,  64-48 

TO 

31-09,  64-52 

360-  360 

360 

0315-0415 

3* 

1  KMT 

35C 

6/10 

31-24,  64-48 

TO 

31-09,  64-52 

360-  550 

475 

0415-0515 

3* 

1  KMT 

35* 

6/10 

31-24,  64-48 

TO 

31-09,  64-52 

0-  360 

360 

0515-0565 

3M 

1  KMT 

36A 

6/10 

31-14.  64-52 

TO 

31-26,  64-50 

630-  700 

690 

0710-1010 

3M 

1  KMT 

36m 

6/10 

31-14,  64-52 

TO 

31-26,  64-50 

0-  700 

700 

1010-1055 

3M 

1  KMT 

370 

6/10 

31-30,  64-53 

TO 

31-43,  64-50 

NEUSTON 

1634-1704 

IM 

RING 

37E 

6/10 

: 1  - 30 ,  64-53 

TO 

31-43.  64-50 

NEUSTON 

1749-1825 

IM 

RING 

SMITHSONIAN  CONTRIBUTIONS  TO  /.OOLOGY 


Tabiy  3. — Comimird. 


COORDINATES 


DEPTH  (M) 


SAMPLE 

DATE 

1970 

MM/00 

NORTH 

0-M 

WEST 

0-M 

NORTH 

0-M 

WEST 

D-M 

MIN-MAX 

MAIN 

TIME 

LOCAL 

START-END 

GEAR 

37  F 

6/10 

31- 

•30. 

6L-53 

TO 

31- 

-43. 

64-50 

NEUSTON 

1749-1825 

IM 

RING 

3?N 

6/10 

31- 

-30. 

6L-53 

TO 

31 

-43. 

64-50 

0- 

480 

4  80 

1500-1845 

3M 

1  KMT 

38n 

6/10 

31- 

•45. 

6L-L8 

TO 

31 

-56, 

6L-L7 

0- 

300 

300 

2140-0101 

3« 

1  KMT 

39X 

6/  L 

31- 

■39. 

6L-36 

TO 

31- 

-39. 

64-36 

DIP 

NET 

2200-0000 

DIP 

NET 

1971 

CRUISE  11 

1A 

1/12 

31 

■58. 

6L-05 

TO 

3! 

-51. 

63-52 

475- 

535 

510 

1349-1507 

3M 

1  KMT 

IB 

1/12 

31 

■58, 

6L-05 

TO 

31 

-51. 

63-52 

535- 

535 

535 

1507-1607 

3* 

1  KMT 

IM 

1/12 

31 

■58, 

6L-05 

TO 

31 

-51. 

63-52 

0- 

535 

535 

1607-1655 

3M 

1  KMT 

2A 

1/12 

31 

-51. 

63-L8 

TO 

31 

-40. 

63-45 

50- 

50 

50 

2330-0030 

3M 

1  KMT 

2B 

1/12 

31 

■51. 

63-L8 

TO 

31 

-40, 

63-45 

50- 

50 

50 

0030-0130 

3M 

1  KMT 

2C 

1/12 

31 

-51. 

63-48 

TO 

11 

-40, 

63-45 

50- 

50 

50 

0130-0230 

3« 

1  KMT 

20 

1/12 

31 

-51. 

63-L8 

TO 

31 

-40, 

63-45 

NEUSTON 

2319-2330 

IM 

RING 

2E 

1/12 

31 

■51. 

63-L8 

TO 

31 

-40, 

63-45 

NEUSTON 

0025-0034 

IM 

RING 

2F 

1/12 

31 

-51. 

63-L8 

TO 

31 

-40, 

63-45 

NEUSTON 

0130-0140 

IM 

RING 

2M 

1/12 

31 

•51. 

63-L8 

TO 

31 

-40, 

63-45 

0- 

50 

50 

0230-0245 

3* 

1  KMT 

3A 

1/13 

31 

■41, 

63-47 

TO 

31 

-40, 

63-54 

100- 

100 

100 

0334-0434 

3« 

1  KMT 

3B 

1/13 

31 

-LI . 

63-47 

TO 

31 

-40. 

63-54 

100- 

100 

100 

0434-0534 

3M 

1  KMT 

3C 

1/13 

31 

-Ll . 

63-47 

TO 

31 

-40. 

63-54 

100- 

100 

100 

0534-0634 

3M 

1  KMT 

3D 

1/13 

31 

-LI  , 

63-47 

TO 

31 

-LO, 

63-54 

NEUSTON 

0430-0445 

IM 

RING 

3« 

1/13 

31 

■Ll. 

63-47 

TO 

31 

-40, 

63-54 

0- 

100 

100 

0634-0640 

3M 

1  KMT 

la 

1/13 

31 

-LO. 

63-54 

TO 

31 

-38, 

64- 1 1 

635- 

680 

650 

0834-0934 

3M 

1  KMT 

lb 

I/M 

31 

-LO. 

63-54 

TO 

31 

-38, 

64-11 

610- 

635 

615 

0934-1034 

3  M 

1  KMT 

LC 

1/13 

31 

-LO, 

63-54 

TO 

31 

-38, 

64-11 

600- 

610 

605 

1034-1134 

3M 

1  KMT 

LM 

1/13 

31 

-LO, 

63-54 

TO 

31 

-38, 

64-11 

0- 

600 

600 

1134-1222 

3* 

1  KMT 

5A 

1/13 

31 

■39. 

64-12 

TO 

31 

-48. 

64-17 

250- 

270 

260 

1415-1515 

3M 

1  KMT 

58 

1/13 

31 

-39. 

64-12 

TO 

31 

-48, 

64-17 

270- 

300 

285 

1515-1615 

3M 

IKMT 

5C 

1/13 

31 

-39. 

64-12 

TO 

31 

-48. 

64-17 

290- 

300 

295 

1615-1715 

3M 

1  KMT 

5D 

1/13 

31 

-39. 

64-12 

TO 

31 

-48. 

64-17 

NEUSTON 

1445-1500 

IM 

RING 

5M 

1/13 

31 

-39. 

64-12 

TO 

31 

-48. 

64-17 

0- 

290 

290 

1715-1800 

3M 

IKMT 

7A 

1/13 

31 

-5L, 

64-19 

TO 

31 

-58, 

64-22 

510- 

610 

600 

2216-2316 

3M 

IKMT 

7B 

1/13 

31 

-5L, 

64-19 

TO 

31 

-58, 

64-22 

600- 

610 

600 

2316-2346 

3M 

IKMT 

7D 

1/13 

31 

-5V 

64-19 

TO 

31 

-58, 

64-22 

NEUSTON 

2145-2200 

IM 

RING 

7M 

1/13 

31 

-5L, 

64-19 

TO 

31 

-58, 

64-22 

0- 

600 

600 

2346-0019 

3M 

IKMT 

8a 

1/1L 

32 

-03, 

62-58 

TO 

32 

-10, 

62-49 

140- 

150 

145 

1558-1658 

3M 

IKMT 

8b 

1/1L 

32 

-03. 

62-58 

TO 

32 

-10, 

62-49 

130- 

140 

135 

1658-1758 

3M 

IKMT 

8c 

1/lL 

32 

-03. 

62-58 

TO 

32 

-10. 

62-49 

130- 

130 

130 

1758-1858 

3« 

IKMT 

8d 

1/1L 

32 

-03. 

62-58 

TO 

32 

-10, 

62-49 

NEUSTON 

1600-1630 

IM 

RING 

8m 

1  / 1 L 

32 

-03. 

62-58 

TO 

32 

-10, 

62-49 

0- 

130 

130 

1858-1915 

3M 

IKMT 

9A 

1/IL 

32 

-10, 

62-49 

TO 

31 

-58, 

62-47 

800- 

900 

850 

2045-2145 

3H 

IKMT 

9B 

1/lL 

32 

-10, 

62-49 

TO 

31 

-58, 

62-47 

875- 

900 

880 

2145-2245 

3M 

IKMT 

9C 

1/IL 

32 

-10, 

62-49 

TO 

31 

-58. 

62-47 

860- 

875 

870 

2245-2345 

3M 

IKMT 

90 

1/lL 

32 

-10, 

62-49 

TO 

31 

-58, 

62-47 

NEUSTON 

2200-2230 

IM 

RING 

9M 

1/IL 

32 

-10, 

62-49 

TO 

31 

-58, 

62-47 

0- 

860 

860 

2345-0045 

3M 

IKMT 

10A 

1/15 

3' 

-57. 

62-L8 

TO 

31 

-49. 

62-50 

175- 

175 

175 

0200-0300 

3M 

IKMT 

I0B 

1/15 

31 

-57. 

62-48 

TO 

31 

-49, 

62-50 

1 75- 

175 

175 

0300-0400 

3M 

IKMT 

10C 

1/15 

31 

-57. 

62-48 

TO 

31 

-49, 

62-50 

1 75- 

175 

175 

0400-0500 

3M 

IKMT 

I0M 

l/>5 

31 

-57. 

62-48 

TO 

31 

-49, 

62-50 

0- 

175 

175 

0500-0518 

3M 

IKMT 

1 1 A 

1/15 

31 

-L8, 

62-51 

TO 

31 

-38, 

62-54 

1 40- 

140 

140 

0615-0715 

3M 

IKMT 

IIB 

1/15 

31 

-L8, 

62-51 

TO 

31 

-38. 

62-54 

1 40- 

140 

140 

0715-0815 

3M 

IKMT 

11C 

1/15 

31 

-L8, 

62-51 

TO 

31 

-38, 

62-54 

1 40- 

140 

140 

0815-0915 

3M 

IKMT 

1  IM 

1/15 

31 

-L8, 

62-51 

TO 

3' 

-38, 

62-54 

0- 

140 

140 

0915-0930 

3M 

IKMT 

I2A 

1/15 

31 

-58, 

62-51 

TO 

31 

-34, 

63-02 

50- 

50 

50 

1010-11 10 

3M 

IKMT 

12B 

1/15 

31 

-58, 

62-51 

TO 

31 

-34, 

63-02 

50- 

50 

50 

1110-1210 

3H 

IKMT 

12M 

1/15 

31 

-58, 

62-51 

TO 

31 

-34, 

63-02 

0- 

50 

50 

1210-1219 

3M 

IKMT 

>3A 

1/15 

31 

-36. 

63-04 

600- 

675 

650 

1451-1551 

3* 

IKMT 

I3B 

1/15 

31 

-36, 

63-04 

675- 

675 

675 

1551-1651 

3* 

IKMT 

'  3C 

1/15 

31 

-36, 

63-04 

650- 

675 

660 

1651-1751 

3M 

IKMT 

13M 

1/15 

31 

-36, 

63-04 

0- 

650 

650 

1751-1849 

3M 

IKMT 

1  LX 

1/13 

31 

-51*. 

64-20 

TO 

31 

-54, 

64-20 

DIP 

NET 

2030-2200 

DIP  NET 

5 


7 

i' , 

x’-. 


Nl  .MBKR  452 


CM 

$ 
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Table  3. — (omiiiueil 


f 

1  SAMPLE 

DATE 

Ilk' 

1971 

£ 

<■ 

v  - 

MM/00 

i 

£ 

v 

y  ia 

8/26 

IM  <b 

8/26 

:: 

a  ic 

y  id 

8/26 

8/26 

* 

& 

5  IE 

8/26 

5  ,F 

8/26 

C  1G 

8/26 

$ 

& 

J  IM 

Q  2A 

8/26 

8/26 

f 

I  28 

8/26 

P  2C 

8/26 

v 

..  20 

8/26 

■L  2E 

8/26 

K  2F 

8/26 

"•  2G 

8/26 

V 

£  2M 

8/26 

£  30 

8/27 

• 

4a 

8/27 

r? 

4B 

8/27 

V 

4C 

8/27 

L/- 

’•  40 

8/27 

V  ^ 

8/27 

£ 

8/27 

V. 

^  5A 

8/27 

A  5B 

8/27 

f 

L 

1  sc 

8/27 

'.US 

f  50 

8/27 

5E 

8/27 

5F 

8/27 

5g 

8/27 

4;  5H 

8/27 

& 

4,  5M 

8/27 

«M 

D 

i  6A 

8/28 

1  6B 

M  6c 

8/28 

8/28 

■j  6D 

8/28 

N  6E 

8/28 

«■ 

0  6m 

8/28 

■’  7A 

8/28 

'*!  7B 

8/28 

7C 

8/28 

• 

7M 

8/28 

ST 

■a  8A 

8/28 

'V 

S  8b 

8/28 

V  8C 

8/28 

M, 

i  8m 

8/28 

\N 

y  9A 

8/28 

5  9B 

8/28 

9C 

8/28 

• 

90 

8/28 

9E 

8/28 

is 

91 

8/28 

9N 

8/28 

K- 

10A 

8/29 

1  OB 

8/29 

.A.  IOC 

8/29 

M  * 

k« 

Z'-  100 

8/29 

• 

10E 

8/29 

COORDINATES 


NORTH  WEST 
0-M  0-M 


NORTH  WEST 
0-M  0-M 


CRUISE  12 


32-18. 

32-18, 

32-18, 

32-18, 

32-18, 

32-18, 

32-18, 

32-18, 

32-59. 

32-59, 

32-59. 

32-59, 

32-59. 

32-59. 

32-59, 

32-59, 

32-39. 

32-1.9, 

32-43. 

32-49. 

32-49. 

32-49, 

32- 49. 

33- 00, 
33-00, 
33-00, 
33-00, 
33-00, 
33-00. 
33-00. 
33-00, 
33-00. 
33-19. 
33-19, 
33-19. 
33-19. 
33-19. 
33-19. 
33-33, 
33-33. 
33-33. 
33-33. 
33-28. 
33-28, 
33-28, 
33-28, 
33-26, 
33-26, 
33-26, 
33-26, 
33-26, 
33-26, 
33-26, 
33-16, 
33-16, 
33-16. 
33-16, 
33-16. 


64-03  TO 
64-03  TO 
64-03  TO 
64-03  TO 
64-03  TO 
64-03. TO 
64-03  TO 
64-03  TO 
64-04  TO 
64-04  TO 
64-04  TO 
64-04  TO 
64-04  TO 
64-04  TO 
64-04  TO 
64-04  TO 
64-04  TO 
64-07  TO 
64-07  TO 
64-07  TO 
64-07  TO 
64-07  TO 
64-07  TO 
64-06  TO 
64-06  TO 
64-06  TO 
64-06  TO 
64-06  TO 
64-06  TO 
64-06  TO 
64-06  TO 
64-06  TO 
64-04  TO 
64-04  TO 
64-04  TO 
64-04  TO 
64-04  TO 
64-04  TO 
64-04  TO 
64-04  TO 
64-04  TO 
64-04  TO 
6--15  TO 
64-15  TO 
64-15  TO 
64-15  TO 
64-17  TO 
64-17  TO 
64-17  TO 
64-17  TO 
64-17  TO 
64-17  TO 
64-17  TO 
64-25  TO 
64-25  TO 
64-25  TO 
64-25  TO 
64-25  TO 


32-59. 

32-59, 

32-59. 

32-59, 

32-59, 

32-59. 

32-59, 

32-59. 

32-38, 

32-38, 

32-38. 

32-38. 

32-38, 

32-38, 

32-38, 

32-38, 

32-47, 

32-59. 

32-59. 

32-59, 

32-59. 

32-59. 

32- 59. 

33- 17. 
33-17, 
33-17. 
33-17. 
33-'7. 
33*17. 
33-17. 
33-17. 
33-17. 
33-34, 
33-34, 
33-34. 
33-34, 
33-34, 
33-34, 
33-28, 
33-28, 
33-28, 
33-28, 
33-26, 
33-26, 
33-26, 
33-26, 
33-19. 
33-19. 
33-19, 
33-19. 
33-19. 
33-19, 
33-19, 
33-16, 
33-16, 
33-16, 
33-16, 
33-16, 


DEPTH  (M) 


UN-MAX 

MAIN 

START-END 

33-  33 

33 

1918-2018 

33-  33 

33 

2018-2118 

33-  33 

33 

2118-2218 

NEUSTON 

1930-1940 

NEUSTON 

1945-2000 

NEUSTON 

2045-2100 

NEUSTON 

2143-2200 

0-  33 

33 

2218-2230 

780-  783 
740-  805 
765-  805 
NEUSTON 
NEUSTON 
NEUSTON 
NEUSTON 

0-  805 

NEUSTON 
623-  650 
618-  650 
630-  645 
NEUSTON 
NEUSTON 

0-  630 

975-1000 

989-1000 

950-1000 

NEUSTON 

NEUSTON 

NEUSTON 

NEUSTON 

NEUSTON 

0-  950 
600-  650 
618-  638 
633-  654 
NEUSTON 
NEUSTON 

0-  633 
1000-1050 
1016-1052 
1003-1056 
0-1003 
24-  30 

24-  30 

25-  30 

0-  25 

705-  760 
720-  730 
715-  720 
NEUSTON 
NEUSTON 
NEUSTON 
0-  715 
395-  435 
398-  440 
440-  445 
NEUSTON 
NEUSTON 


0049-0149 

0149-0249 

0249-0349 

0007-0022 

0107-0122 

0210-0228 

0330-0345 

0349-0440 

0910-0925 

1325-1425 

1425-1525 

1525-1625 

1510-1540 

1610-1640 

1625-1715 

2022-2122 

2122-2222 

2222-2322 

1810-1840 

1910-1940 

2010-2040 

2110-2130 

2304-2319 

2322-0055 

0230-0330 

0330-0430 

0430-0530 

0504-0525 

0604-0619 

0530-0700 

0940-1040 

1040-1140 

1140-1240 

1240-1334 

1455-1555 

1555-1655 

1655-1755 

1755-1815 

1945-2045 

2045-2145 

2145-2245 

1845-1910 

2110-2130 

2210-2237 

2245-2325 

0100-0200 

0200-0300 

0300-0400 

0330-0345 

0530-0600 


3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
1M  RING 
1M  RING 
1M  RING 
1M  RING 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
1M  RING 
1M  RING 
1M  RING 
1M  RING 
3M  I  KMT 
1M  RING 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
1M  RING 
1M  RING 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
1M  RING 
1M  RING 
1M  RING 
1M  RING 
1M  RING 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
1M  RING 
IM  RING 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
1M  RING 
1M  RING 
1M  RING 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
1M  RING 
1M  RING 


24 
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r 
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Table  3. — Continued. 


COORD J NATES 


DEPTH  (M) 


NORTH  WEST 


MM/OD 

0- 

•M 

0-M 

0 

-M 

D-M 

WIN- 

MAX 

MAIN 

START-END 

ION 

8/29 

33 

-16. 

64-25 

TO 

33 

-16, 

64-18 

0- 

445 

445 

0400-0434 

3M 

1  KMT 

1  1 A 

8/29 

33 

-15. 

64-18 

TO 

33 

-08. 

64-10 

1240- 

1310 

1275 

0727-0828 

3M 

1  KMT 

1  IB 

8/29 

33 

-15, 

64-18 

TO 

33 

-08, 

64-10 

1288- 

1350 

1325 

0828-0928 

3M 

1  KMT 

t  1C 

8/29 

33 

-15. 

64-18 

TO 

33 

-08, 

64-10 

1315- 

1360 

1340 

0928-1028 

3M 

1  KMT 

1  10 

8/29 

33 

-15. 

64-18 

TO 

33 

-08, 

64-10 

NEUSTON 

0800-0830 

1M 

RING 

i  in 

8/29 

33 

-15, 

64-18 

TO 

33 

-08. 

64-10 

0- 

1325 

1325 

1028-1140 

3M 

1  KMT 

12A 

8/29 

33 

-07, 

64-06 

TO 

33 

-05, 

64-07 

757- 

800 

775 

1249-1349 

3M 

1  KMT 

12B 

8/29 

33 

-07. 

64-06 

TO 

33 

-05, 

64-07 

764- 

769 

765 

1349-1449 

3M 

1  KMT 

12C 

8/29 

33 

-07, 

64-06 

TO 

33 

-05. 

64-07 

755- 

769 

765 

1449-1549 

3M 

1  KMT 

12M 

8/29 

33 

-07, 

64-06 

TO 

33 

-05, 

64-07 

0- 

760 

760 

1549-1634 

3M 

1  KMT 

13* 

8/29 

33 

-04, 

64-06 

TO 

33 

-02, 

63-58 

19- 

19 

19 

1730-1830 

3M 

1  KMT 

13B 

8/29 

33 

-04, 

64-06 

TO 

33 

-02, 

63-58 

19- 

19 

19 

1830-1930 

3M 

1  KMT 

1 3C 

8/29 

33 

-04, 

64-06 

TO 

33 

-02, 

63-58 

19- 

19 

19 

1930-2030 

3M 

1  KMT 

>3« 

8/29 

33 

-04, 

64-06 

TO 

33 

-02, 

63-58 

0- 

19 

19 

2030-2034 

3M 

1  KMT 

HA 

8/29 

33 

-02, 

63-58 

TO 

32 

-52. 

64-01 

332- 

345 

335 

2130-2230 

3M 

1  KMT 

HB 

8/29 

33 

-02. 

63-58 

TO 

32 

-52, 

64-01 

335- 

345 

340 

22 30-2330 

3M 

1  KMT 

HC 

8/29 

33 

-02, 

63-58 

TO 

32 

-52, 

64-01 

321- 

335 

325 

2330-0030 

3M 

1  KMT 

HO 

8/29 

33 

-02. 

63-58 

TO 

32 

-52, 

64-01 

NEUSTON 

2134-2149 

1M 

RING 

HE 

8/29 

33 

-02. 

63-58 

TO 

32 

-52, 

64-01 

NEUSTON 

2303-2343 

1M 

RING 

HM 

8/29 

33 

-02, 

63-58 

TO 

32 

-52, 

64-01 

0- 

321 

321 

0030-0100 

3M 

1  KMT 

15* 

8/30 

32 

-52. 

64-01 

TO 

32 

-47. 

63-56 

360- 

392 

375 

0207-0307 

3M 

1  KMT 

1 5B 

8/30 

32 

-52. 

64-01 

TO 

32 

-47, 

63-56 

392- 

400 

395 

0307-0407 

3M 

1  KMT 

15C 

8/30 

32 

-52, 

64-01 

TO 

32 

-47, 

63-56 

370- 

392 

380 

0407-0507 

3M 

1  KMT 

15D 

8/30 

32 

-52. 

64-01 

TO 

32 

-47, 

63-56 

NEUSTON 

0139-0154 

1M 

RING 

15M 

8/30 

32 

-52. 

64-01 

TO 

32 

-47. 

63*56 

0- 

370 

370 

0507-0534 

3M 

1  KMT 

1  6a 

8/30 

32 

-47. 

63-56 

TO 

32 

-36, 

63-51 

903- 

951 

925 

0719-0819 

3M 

1  KMT 

16b 

8/30 

32 

-47. 

63-56 

TO 

32 

-36, 

63-51 

900- 

940 

925 

0819-0919 

3M 

1  KMT 

1 6C 

8/30 

32 

-47. 

63-56 

TO 

32 

-36. 

63-51 

911- 

935 

925 

0919-1019 

3M 

1  KMT 

16M 

8/30 

12 

-47. 

63-56 

TO 

32 

-36, 

63-5! 

0- 

930 

930 

1019-mo 

3M 

1  KMT 

17* 

8/30 

32 

-38, 

63-52 

TO 

32 

-31. 

63-53 

512- 

546 

525 

1234-1334 

3M 

1  KMT 

1 7B 

8/30 

32 

-38, 

63-52 

TO 

32 

-31. 

63-53 

525- 

546 

535 

1334-1434 

3M 

1  KMT 

17C 

8/30 

32 

-38, 

63-52 

TO 

32 

-31. 

63-53 

500- 

549 

525 

1434-1534 

3M 

1  KMT 

170 

8/30 

32 

-38. 

63-52 

TO 

32 

-31. 

63-53 

NEUSTON 

1515-1530 

1M 

RING 

1 7« 

8/30 

32 

-38, 

63-52 

TO 

32 

-31. 

63-53 

0- 

549 

549 

1534-1619 

3M 

1  KMT 

18A 

8/31 

32 

-31, 

63-58 

TO 

32 

-28, 

63-55 

94- 

94 

94 

0330-0430 

3M 

1  KMT 

186 

8/31 

32 

-31. 

63-58 

TO 

32 

-28, 

63-55 

88- 

94 

90 

0430-0530 

3M 

1  KMT 

18C 

8/31 

32 

-31. 

63-58 

TO 

32 

-28, 

63-55 

88- 

88 

88 

0530-0630 

3M 

1  KMT 

18m 

8/31 

32 

-31. 

63-58 

TO 

32 

-28, 

63-55 

0- 

88 

88 

0630-0645 

3M 

1  KMT 

1 9A 

8/31 

32 

-27, 

63-55 

TO 

32 

-19. 

63-50 

575- 

579 

575 

0815-0915 

3M 

1  KMT 

1 9B 

8/31 

32 

-27. 

63-55 

TO 

32 

-19. 

63-50 

560- 

575 

570 

0915-1015 

3M 

1  KMT 

19C 

8/31 

32 

-27. 

63-55 

TO 

32 

-19. 

63-50 

540- 

570 

560 

1015-1115 

3M 

1  KMT 

19M 

8/31 

32 

-27, 

63-55 

TO 

32 

-19. 

63-50 

0- 

570 

570 

1115-1149 

3« 

1  KMT 

20A 

9/  l 

32 

-20, 

63-50 

TO 

32- 

-23. 

63-56 

468- 

499 

485 

0100-0200 

3N 

1  KMT 

20B 

9/  l 

32 

-20, 

63-50 

TO 

32 

-23. 

63-56 

480- 

480 

480 

0200-0300 

3M 

1  KMT 

20C 

9/  1 

32 

-20, 

63-50 

TO 

32 

-23. 

63-56 

480- 

490 

485 

0300-0400 

3« 

1  KMT 

20M 

9/  1 

32 

-20, 

63-50 

TO 

32 

-23. 

63-56 

0- 

490 

490 

0400-0434 

3« 

1  KMT 

21A 

9/  2 

32 

-22, 

63-43 

TO 

32 

-17, 

63-48 

650- 

655 

653 

0200-0300 

3M 

1  KMT 

2  IB 

9/  2 

32 

-22, 

63-43 

TO 

32 

-17, 

63-48 

640- 

685 

665 

0300-0400 

3M 

1  KMT 

21M 

9/  2 

32 

-22, 

63-43 

TO 

32 

-17, 

63-48 

0- 

685 

685 

0400-0430 

3M 

1  KMT 

22A 

9/  2 

32 

-17. 

63-52 

TO 

32 

-19, 

64-04 

775- 

835 

805 

0628-0728 

3M 

1  KMT 

22B 

9/  2 

32 

-17. 

63-52 

TO 

32 

-19, 

64-04 

819- 

835 

825 

0728-0928 

3M 

1  KMT 

22C 

9/  2 

32 

-17. 

63-52 

TO 

32 

-19. 

64-04 

819- 

820 

820 

0928-1028 

3« 

1  KMT 

22M 

9/  2 

32 

-17. 

63-52 

TO 

32 

-19. 

64-04 

0- 

820 

820 

1028-1113 

3M 

1  KMT 

23* 

9/  2 

32 

-20, 

64-05 

TO 

32 

-30, 

64-05 

428- 

443 

435 

1349-1449 

3* 

1  KMT 

23B 

9/  2 

32 

-20, 

64-05 

TO 

32 

-30, 

64-05 

440- 

470 

46o 

1449-1549 

3M 

1  KMT 

23C 

9/  2 

32 

-20, 

64-05 

TO 

32 

-30, 

64-05 

420- 

478 

460 

1549-1649 

3M 

1  KMT 

23H 

9/  2 

32 

-20, 

64-05 

TO 

32 

-30, 

64-05 

0- 

420 

420 

1649-1719 

3M 

1  KMT 

24A 

9/  2 

32 

-31. 

64-12 

TO 

32 

-35. 

64-19 

1196- 

1279 

1230 

2010-2110 

3* 

1  KMT 

248 

9/  2 

32 

-31, 

64-12 

TO 

32 

-35. 

64-19 

1279- 

1322 

1290 

2110-2210 

3« 

1  KMT 

24C 

9/  2 

32 

-31. 

64-12 

TO 

32 

-35. 

64-19 

1285- 

1297 

1290 

2210-2310 

3M 

1  KMT 

24M 

9/  2 

32 

-31. 

64-12 

TO 

32 

-35. 

64-19 

0- 

1297 

1297 

2310-0034 

3M 

1  KMT 

I* 

a 
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Table  3. — Continued. 


COORDINATES 


DATE 

1971  NORTH  WEST 
MM/DD  D-M  0-M 


_  DEPTH  (M) 

_  TIME 

NORTH  WEST  LOCAL 

0-H  D-M  MIN-MAX  MAIN  START-END 


2  5A 

9/  3 

32-02,  64-10 

TO 

32-09,  64-10 

1087-1145 

1  120 

0819-0919 

3M 

1  KMT 

258 

9/  3 

32-02,  64-10 

TO 

32-09,  64-10 

1131-1146 

1135 

0919-1019 

3M 

1  KMT 

25C 

9/  3 

32-02,  64-10 

TO 

32-09,  64-10 

1090-1160 

1125 

1019-1119 

3M 

1  KMT 

25M 

9/  3 

32-02,  64-10 

TO 

32-09,  64-10 

0-1160 

1160 

1119-1210 

3M 

1  KMT 

26A 

9/  3 

32-12,  64-12 

TO 

32-17.  64-12 

695-  769 

725 

1403-1503 

3M 

1  KMT 

26B 

9/  3 

32-12,  64-12 

TO 

32-17.  64-12 

722-  765 

740 

1503-1603 

3M 

1  KMT 

26C 

9/  3 

32-12,  64-12 

TO 

32-17,  64-12 

722-  722 

722 

1603-1703 

3M 

1  KMT 

26M 

9/  3 

32-12,  64-12 

TO 

32-17,  64-12 

0-  725 

725 

1703-1745 

3M 

1  KMT 

27A 

9/  3 

32-21,  64-13 

TO 

32-30,  64-16 

883-  950 

920 

2010-2110 

3M 

1  KMT 

27B 

9/  3 

32-21,  64-13 

TO 

32-30,  64-16 

883-  925 

905 

2110-2210 

3M 

1  KMT 

27C 

9/  3 

32-21,  64-13 

TO 

32-30,  64-16 

896-  925 

910 

2210-2310 

3M 

1  KMT 

27M 

9/  3 

32-21,  64-13 

TO 

32-30,  64-16 

0-  917 

917 

2310-0000 

3M 

1  KMT 

28a 

9/  i* 

32-31.  64-19 

TO 

32-30,  64-12 

109-  113 

1  10 

01 19-0219 

3M 

1  KMT 

28b 

9/  4 

32  31.  64-19 

TO 

32-30,  64-12 

108-  113 

1  10 

0219-0319 

3M 

1  KMT 

28C 

9/  4 

32-31.  64-19 

TO 

32-30,  64-12 

112-  118 

115 

0319-0419 

3M 

1  KMT 

28M 

9/  4 

32-31,  64-19 

TO 

32-30,  64-12 

0-  118 

118 

0419-0427 

3M 

1  KMT 

30A 

9/  4 

32-30,  64-01 

TO 

32-31,  63-53 

1185-1197 

1190 

1218-1318 

3M 

1  KMT 

30B 

9/  i* 

32-30,  64-01 

TO 

32-31.  63-53 

1197-1216 

1208 

1318-1418 

3M 

1  KMT 

30C 

9/  4 

32-30,  64-01 

TO 

32  31.  63-53 

1 165-1228 

1180 

1418-1518 

3M 

1  KMT 

30M 

9/  4 

32-30.  64-01 

TO 

32-31.  63-53 

0-1170 

1170 

1518-1604 

3M 

1  KMT 

3IA 

9/  i* 

32-30.  64-01 

TO 

32-31.  64-16 

868-  906 

875 

2010-2110 

3M 

1  KMT 

31 B 

9/  4 

32-3C,  64-01 

TO 

32-31,  64-16 

870-  895 

880 

2110-2210 

3M 

1  KMT 

31c 

9/  4 

32-30,  64-01 

TO 

32-31.  64-16 

870-  870 

870 

2210-2310 

3M 

1  KMT 

31M 

0/  4 

32-30,  64-01 

TO 

32-31.  64-16 

0-  870 

870 

2310-0007 

3M 

1  KMT 

32A 

9/  5 

32-30.  64-18 

TO 

32-26,  64-09 

255-  278 

265 

0119-0219 

3M 

1  KMT 

32B 

9/  5 

32-30,  64-18 

TO 

32-26,  64-09 

277-  278 

277 

0219-0319 

3M 

1  KMT 

32C 

9/  5 

32-30.  64-18 

TO 

32-26,  64-09 

275*  278 

277 

0319-0419 

3M 

1  KMT 

32M 

9/  5 

32-30,  64-18 

TO 

32-26,  64-09 

0-  275 

275 

0419-0445 

3M 

1  KMT 

33* 

9/  7 

32-22,  64-10 

TO 

32-18,  64-03 

1632-1537 

1515 

1 145-1245 

3M 

1  KMT 

338 

9/  7 

32-22,  64-10 

TO 

32-18,  64-03 

1690-1525 

1510 

1245-1345 

3M 

1  KMT 

33C 

9/  7 

32-22,  64-10 

TO 

32-18,  64-03 

1635-1531 

1475 

1345-1445 

3M 

1  KMT 

330 

9/  7 

32-22,  64-10 

TO 

32-18,  64-03 

NEUSTON 

1049-1119 

1M 

RING 

33E 

9/  7 

32-22,  64-10 

TO 

32-18,  64-03 

NEUSTON 

1215-1245 

1M 

RING 

33F 

9/  7 

32-22,  64-10 

TO 

32-18,  64-03 

NEUSTON 

1315-1345 

1M 

RING 

33M 

9/  7 

32-22,  64-10 

TO 

32-18.  64-03 

O-I635 

1435 

1445-1610 

3M 

1  KMT 

34a 

9/  7 

32-18,  64-03 

TO 

32-28.  64-03 

62-  69 

65 

1655-1755 

3M 

1  KMT 

3*tB 

9/  7 

32-18.  64-03 

TO 

32-28.  64-03 

69-  69 

69 

1755-1855 

3M 

1  KMT 

34C 

9/  7 

32-18.  64-03 

TO 

32-28,  64-03 

66-  87 

75 

1855-1955 

3M 

1  KMT 

34M 

9/  7 

32-18,  64-03 

TO 

32-28,  64-03 

0-  66 

66 

1955-2007 

3M 

1  KMT 

35  A 

9/  7 

32-28,  64-02 

TO 

32-22,  64-08 

177-  178 

178 

2100-2200 

3M 

1  KMT 

358 

9/  7 

32-28,  64-02 

TO 

32-22,  64-08 

178-  178 

178 

2200-2300 

3M 

1  KMT 

35C 

9/  7 

32-28,  64-02 

TO 

32-22,  64-08 

164-  178 

160 

2300-0000 

3M 

1  KMT 

35M 

9/  7 

32-28,  64-02 

TO 

32-22,  64-08 

0-  144 

144 

0000-0015 

3M 

1  KMT 

36A 

9/  8 

32-22,  64-11 

TO 

32-26,  64-23 

210-  222 

215 

0112-0212 

3M 

1  KMT 

36B 

9/  8 

32-22,  64-11 

TO 

32-26,  64-23 

222-  222 

222 

0212-0312 

3M 

1  KMT 

36C 

9/  8 

32-22,  64-11 

TC 

32-26,  64-23 

222-  222 

222 

0312-0412 

3M 

1  KMT 

36M 

9/  8 

32-22,  64-11 

TO 

32-26,  64-23 

0-  222 

222 

0412-0430 

3M 

1  KMT 

37X 

8/30 

32-29,  63-54  TO 

32-29,  63-56 

DIP  NET 

2000-2300 

DIF 

NET 

38x 

6/31 

32-18,  63-45 

TO 

32-18,  63-45 

DIP  NET 

1630-1631 

DIP 

NET 

39X 

9/  1 

32-23.  63-45  TO 

32-18,  63-65 

DIP  NET 

2000-2100 

DIP 

NET 

40X 

9/  5 

32-23,  64-15 

TO 

32-23.  64-15 

DIP  NET 

2100-2300 

DIF 

NET 

41X 

9/  6 

32-15.  64-06 

TO 

32-15,  64-06 

DIP  NET 

1945-2200 

DIF 

NET 

5IN 

8/20 

32-07,  64-25 

TO 

32-07,  64-21 

0-  23 

23 

1215-1330 

LG. 

EMT 

52N 

8/20 

32-07,  64-19 

TO 

32-06,  64-15 

0-  1  10 

1  10 

1404-1530 

LG. 

EMT 

53N 

8/20 

32-07.  64-13 

TO 

32-07,  64-10 

0-  600 

500 

1630-1834 

LG. 

EMT 

J4N 

8/20 

32-07.  64-08 

TO 

32-10,  64-10 

0-  25 

25 

2110-2149 

LG. 

EMT 

55N 

8/20 

32-11,  64-10 

TO 

32-09,  63-52 

0-  150 

150 

2240-2330 

LG. 

EMT 

56N 

8/21 

32-08,  63-55 

TO 

32-09,  63-52 

0-  660 

600 

0004-0204 

LG. 

EMT 

57N 

8/21 

32-10,  63-53 

TO 

32-10,  63-48 

0-  760 

760 

0234-0449 

LG. 

EMT 

58N 

8/21 

32-10,  63-47 

TO 

32-11,  63-53 

0-  150 

150 

0555-0715 

LG. 

EMT 

59N 

8/21 

32-12,  63-48 

TO 

32-16,  63-50 

0-  700 

650 

0734-1034 

LG. 

EMT 

K| 

w& 


W 

•‘1 


26 
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Table  3. — Continued. 


COORDINATES 


DATE 

1971  NORTH  WEST 
MM/DD  D-M  0-M 


NORTH  WEST 
D-M  D-M 


DEPTH  (M) 


MIN-MAX  MAIN 


TIME 

LOCAL 

START-END 


60N 

8/21 

32 

-14, 

63-40 

TO 

32- 

■14. 

63  42 

0- 

230 

200 

1704-1822 

LG. 

EMT 

6 1 N 

8/21 

32 

-10, 

63-45 

TO 

32 

■15. 

63-55 

0- 

450 

350 

1858-2043 

LG. 

EMT 

62N 

8/21 

32 

-14, 

64-00 

TO 

32- 

■10, 

64-00 

0- 

000 

1000 

2115-2334 

LG. 

EMT 

63N 

8/22 

32 

-n. 

64-00 

TO 

32- 

-09, 

63-58 

0- 

780 

750 

0025-0245 

LG. 

ENT 

64N 

8/22 

32 

-08, 

63-59 

TO 

32- 

-08, 

63-56 

0- 

200 

200 

0430-0549 

LG. 

EMT 

65N 

8/22 

32 

-10, 

63*59 

TO 

32 

-08, 

63-55 

0- 

50 

50 

0625-073' 

LG. 

EMT 

66N 

8/22 

32 

-06, 

o3-56 

TO 

32 

-03, 

63-56 

0- 

350' 

250 

0757-0940 

1  R 

EMT 

67N 

8/22 

32 

-04, 

63-58 

TO 

32 

■05. 

64-00 

0- 

1025 

1025 

1149-1434 

LG. 

EMT 

68n 

8/22 

32 

-07. 

64-00 

TO 

32 

-12, 

64-00 

0- 

460 

400 

1549-1749 

LG. 

EMT 

69N 

8/22 

32 

-14, 

64-02 

TO 

32 

-21, 

64-04 

0- 

100 

100 

1819-2007 

LG. 

EMT 

70N 

8/22 

32 

-22, 

64-04 

TO 

32 

-29, 

64-09 

0- 

100 

100 

2046-2207 

LG. 

EMT 

71N 

8/22 

32 

-26. 

64-10 

TO 

32 

-25. 

64-13 

0- 

575 

500 

2255-0040 

LG. 

EMT 

72N 

8/23 

32 

-25, 

64-14 

TO 

32 

-27. 

64-12 

0- 

760 

725 

0115-0400 

LG. 

EMT 

73N 

8/23 

32 

-32, 

64-02 

TO 

32 

-28. 

64-05 

0- 

425 

350 

0549-0716 

LG. 

EMT 

74n 

8/23 

32 

-26, 

64-07 

TO 

32 

-20. 

64-05 

0- 

760 

760 

0755-0957 

LG. 

EMT 

75N 

8/23 

32 

-18, 

64-04 

TO 

32 

-06, 

64-02 

0- 

450 

450 

1045-1252 

LG. 

EMT 

76N 

8/23 

32 

-09. 

64-02 

TO 

32 

-06, 

64-02 

0- 

375 

330 

1604-1728 

LG. 

EMT 

77N 

8/23 

32 

-00, 

63-58 

TO 

32 

-04, 

64-03 

0- 

50 

50 

1804-2019 

LG. 

EMT 

78n 

8/23 

32 

-05. 

64-03 

TO 

32 

-07. 

64-07 

0- 

50 

50 

2043-2155 

LG. 

EMT 

79N 

8/23 

32 

-08, 

64-09 

TO 

32 

-09, 

64-11 

0- 

450 

350 

2234-0016 

LG. 

EMT 

8on 

8/24 

32 

-09, 

64-11 

TO 

32 

-07. 

64-06 

0- 

750 

750 

0100-0345 

LG. 

EMT 

8  1 N 

8/24 

32 

-09, 

64-07 

TO 

32 

-10. 

64-09 

0- 

150 

150 

0440-0555 

LG. 

EMT 

82N 

8/24 

32 

-14. 

64-14 

TO 

32 

-17. 

64-18 

0- 

150 

150 

0628-0740 

LG. 

EMT 

83N 

8/24 

32 

-13. 

64-16 

TO 

32 

-12, 

64-21 

0- 

950 

900 

0810-1052 

LG. 

EMT 

84n 

8/24 

32 

-14, 

64-20 

TO 

32 

-17. 

64-18 

0- 

800 

760 

1 142-1425 

LG. 

EMT 

85N 

8/24 

32 

-17. 

64-17 

TO 

32 

-11. 

64-17 

0- 

600 

500 

1304-1734 

LG. 

EMT 

86n 

8/24 

32 

-10. 

64-18 

TO 

32 

-07, 

64-17 

0- 

75 

75 

1807-1915 

LG. 

EMT 

87N 

8/24 

32 

-07. 

64-17 

TO 

32 

-13. 

64-21 

0- 

60 

60 

1946-2104 

LG. 

EMT 

88n 

8/24 

32 

-13. 

64-22 

TO 

32 

-09. 

64-23 

0- 

1025 

1000 

2139-0027 

LG. 

EMT 

1972 

CRUISE  13 

IA 

2/23 

31 

-55. 

64-00 

TO 

31 

-50, 

63-56 

18- 

19 

18 

0003-0103 

3M 

1  KMT 

IB 

2/23 

31 

-55. 

64-00 

TO 

31 

-50, 

63-56 

18- 

19 

18 

0103-0203 

3M 

1  KMT 

1C 

2/23 

31 

-55. 

64-00 

TO 

31 

-50, 

63-56 

18- 

19 

18 

0203-0303 

3M 

1  KMT 

1M 

2/23 

31 

-55. 

64-00 

TO 

31 

-50, 

63-56 

0- 

19 

19 

0303-0328 

3M 

1  KMT 

2A 

2/23 

31 

-50, 

63-56 

TO 

31 

-41, 

63-52 

40- 

40 

40 

0434-0510 

3M 

1  KMT 

2B 

2/23 

31 

-50, 

63-56 

TO 

31 

-41 , 

63-52 

40- 

40 

40 

0510-0619 

3M 

1  KMT 

2M 

2/23 

31 

-50. 

63-56 

TO 

31 

-41, 

63-52 

0- 

40 

40 

0619-0634 

3M 

1  KMT 

3B 

2/23 

31 

-53. 

63-53 

TO 

31 

-53. 

64-15 

469- 

504 

480 

1 1 10-1210 

3M 

1  KMT 

3C 

2/23 

31 

-53. 

63-53 

TO 

31 

-53. 

64-15 

456- 

469 

465 

1210-1310 

3M 

1  KMT 

3M 

2/23 

31 

-53. 

63-53 

TO 

31 

-53. 

64-15 

0- 

456 

456 

1310-1345 

3M 

1  KMT 

4a 

2/23 

31 

-50. 

64- 16 

TO 

31 

-48, 

64-17 

315- 

325 

315 

1445-1515 

3M 

1  KMT 

4B 

2/23 

31 

-50, 

64- 16 

TO 

31 

-48, 

64-17 

309- 

315 

315 

1515-1545 

3M 

1  KMT 

4C 

2/23 

31 

-50, 

64- 16 

TO 

31 

-48, 

64-17 

309- 

315 

315 

1545-1615 

3M 

1  KMT 

4M 

2/23 

31 

-50, 

64-16 

TO 

31 

-48, 

64-17 

0- 

315 

315 

1615-1639 

3M 

1  KMT 

5B 

2/23 

3> 

-47. 

64-20 

TO 

31 

-46, 

64-29 

224- 

229 

225 

1810-1840 

3M 

1  KMT 

5C 

2/23 

31 

-47. 

64-20 

TO 

31 

-46, 

64-29 

224- 

229 

225 

1840-1910 

3M 

1  KMT 

5D 

2/23 

31 

-47. 

64-20 

TO 

31 

-46, 

64-29 

NEUSTON 

1834-1849 

1M 

RING 

5M 

2/23 

31 

-47. 

64-20 

TO 

31 

-46, 

64-29 

0- 

229 

229 

1910-1939 

3M 

1  KMT 

68 

2/23 

31 

-46, 

64-30 

TO 

31 

-55. 

64-30 

323- 

344 

330 

2045-2148 

3M 

1  KMT 

6C 

2/23 

31 

-46, 

64-30 

TO 

31 

-55. 

64-30 

323- 

345 

330 

2148-2237 

3M 

1  KMT 

60 

2/23 

31 

-46, 

64-30 

TO 

31 

-55. 

64-30 

NEUSTON 

2025-2040 

IM 

RING 

6E 

2/23 

31 

-46. 

64-30 

TO 

31 

-55. 

64-30 

NEUSTON 

2215-2230 

1M 

RING 

6F 

2/23 

31 

-46, 

64  30 

TO 

31 

-55. 

64-30 

NEUSTON 

2231-2246 

IM 

RING 

6M 

2/23 

31 

-46, 

64-30 

TO 

31 

-55. 

64-30 

0- 

363 

363 

2237-2310 

3M 

1  KMT 

7* 

2/24 

31 

-56, 

64-22 

TO 

32 

-01 , 

64-22 

488- 

509 

490 

0240-0312 

3M 

1  KMT 

7B 

2/24 

3> 

-56, 

64-22 

TO 

32 

-01, 

64-22 

488- 

489 

489 

0312-0412 

3M 

1  KMT 

7C 

2/24 

31 

-56. 

64-22 

TO 

32 

-01, 

64-22 

463- 

489 

480 

0412-0510 

3N 

1  KMT 

7D 

2/24 

31 

-56, 

64-22 

TO 

32 

-01, 

64-22 

NEUSTON 

0200-0230 

IM 

RING 

7E 

2/24 

31 

-56, 

64-22 

TO 

32 

-01, 

64-22 

NEUSTON 

0234-0304 

IM 

RING 

E&1 


& 

8? 

«K< 


P 

P'1 


V.!*' 


Nl'MRFK  452 

Table  3. — Continued. 

COORDINATES 

s 

DEPTH 

M) 

l  SAMPLE 

DATE 

TIME 

GEAR 

1 

1972 

NORTH  WEST 

NORTH  WEST 

LOCAL 

s 

s 

MM/ DO 

0-M  D-M 

D-M  D-M 

MIN-MAX 

MAIN 

START-END 

$ 

s 

*»  7F 

2/24 

31-56,  64-22  TO 

32-01.  64-22 

NEUSTON 

0307-0337 

1M 

RING 

ft 

'  7G 

2/24 

31-56,  64-22  TO 

32-01,  64-22 

NEUSTON 

0349-0419 

1M 

RING 

Eft  l* 

2/21* 

31-56,  64-22  TO 

32-01,  64-22 

0-  482 

482 

0510-0555 

3M 

1  KMT 

8a 

2/21* 

32-02,  63-57  TO 

32-18,  63-51 

808-  865 

830 

1 149-1249 

3M 

1  KMT 

i 

)  8b 

2/21* 

32-02,  63-57  TO 

32-18,  63-51 

791-  843 

835 

1249-1349 

3* 

1  KMT 

3  ®c 

2/21* 

32-02,  63-57  TO 

32-18,  63-51 

813-  847 

825 

1349-1449 

3M 

1  KMT 

SC 

5  8D 

2/21*. 

32-02,  63-57  TO 

32-18,  63-51 

NEUSTON 

1219-1234 

1M 

RING 

:  8m 

2/2L 

32-02.  63-57  TO 

32-18,  63-51 

0-  866 

866 

1449-1549 

3M 

1  KMT 

K,1 

n  9D 

2/21* 

32-17,  63-50  TO 

32-16,  63-37 

NEUSTON 

1849-1919 

1M 

RING 

ft 

r  9E 

2/21* 

32-17,  63-50  TO 

32-16,  63-37 

NEUSTON 

1925-1955 

1M 

RING 

■a 

i  9F 

2/21* 

32-17,  63-50  TO 

32-16,  63-37 

NEUSTON 

1958-2028 

1M 

RING 

ji 

#■ 

1  9G 

2/24 

32-17,  63-50  TO 

32-16,  63-37 

NEUSTON 

2030-2100 

1M 

RING 

f 

1  9H 

2/21* 

32-17,  63-50  TO 

32-16,  63-37 

NEUSTON 

2103-2133 

1M 

RING 

'  9J 

2/21* 

32-17.  63-50  TO 

32-16,  63-37 

NEUSTON 

2134-2204 

1M 

RING 

9K 

2/2L 

32-17.  63-50  TO 

32-16,  63-37 

NEUSTON 

2210-2240 

1M 

RING 

9L 

2/24 

32-17,  63-50  TO 

32-16,  63-37 

NEUSTON 

2245-2315 

1M 

RING 

9P 

2/21* 

32-17.  63-50  TO 

32-16,  63-37 

c-  838 

830 

2204-0006 

3M 

1  KMT 

IOA 

2/25 

32-20,  63-33  TO 

32-11,  63-30 

96-  102 

100 

0210-0310 

3M 

1  KMT 

108 

2/25 

32-20,  63-33  TO 

32-11,  63-30 

100-  101 

100 

0310-0410 

3M 

1  KMT 

IOC 

2/25 

32-20,  63-33  TO 

32-11,  63-30 

96-  101 

100 

0410-0510 

3M 

1  KMT 

100 

2/25 

32-20,  63-33  TO 

32-11.  63-30 

NEUSTON 

0345-0400 

1M 

RING 

0  10E 

2/25 

32-20,  63-33  TO 

32-11,  63-30 

NEUSTON 

0434-0449 

1M 

RING 

y  iom 

2/25 

32-20,  63-33  TO 

32-11.  63-30 

0-  96 

96 

0510-0527 

3M 

1  KMT 

.5 

j)  1  1A 

2/25 

32-00,  6l*-00  TO 

31-54.  63-51 

392-  403 

400 

0901-0946 

3M 

1  KMT 

3 

j  1  IB 

2/25 

32-00,  64-00  TO 

31-54,  63-51 

392-  403 

400 

0946-1031 

3M 

1  KMT 

.7  11C 

2/25 

32-00,  64-00  TO 

31-54,  63-51 

392-  392 

392 

1031-1116 

3« 

1  KMT 

i: 

«.  110 

2/25 

32-00,  64-00  TO 

31-54,  63-51 

NEUSTON 

0928-0958 

1M 

RING 

■jpi 

L  "E 

2/25 

32-00,  64-00  TO 

31-54,  63-51 

NEUSTON 

1003-1033 

1M 

RING 

f 

1  1  1M 

2/25 

32-00,  64-00  TO 

31-54,  63-51 

0-  392 

392 

11)6-1145 

3M 

1  KMT 

TV 

■  12A 

2/25 

31*53.  63-52  TO 

31-56.  63-34 

1002-1074 

1050 

1410-1500 

3M 

1  KMT 

BW 

N  12B 

2/25 

31-53.  63-52  TO 

31-56,  63-34 

1002-1078 

1050 

1500-1549 

3M 

1  KMT 

A 

S  12C 

2/25 

31-53.  63-52  TO 

31-56.  63-34 

1050-1068 

1050 

1549-1640 

3M 

1  KMT 

5 

M.  120 

2/25 

31-53,  63-52  TO 

31-56,  63-34 

NEUSTON 

1501-1531 

1M 

RING 

♦2 

}  12E 

2/25 

31-53.  63-52  TO 

31-56,  63-34 

NEUSTON 

1534-1604 

1M 

RING 

ELJ 

i  12f 

2/25 

31-53.  63-52  TO 

31-56,  63-34 

NEUSTON 

1610-1640 

1M 

RING 

% 

^  12G 

2/25 

31-53.  63-52  TO 

31-56.  63-34 

NEUSTON 

1649-1719 

1M 

RING 

I  l2H 

2/25 

31-53.  63-52  TO 

31-56.  63-34 

0-1051 

1051 

1640-1725 

3M 

1  KMT 

n  1 3A 

2/25 

32-05.  64-00  TO 

31-52,  63-48 

759-  833 

800 

2015-2115 

3M 

1  KMT 

v 

^  1 3B 

2/25 

32-05,  64-00  TO 

31-52,  63-48 

745-  824 

800 

2 1 i5-2215 

3M 

1  KMT 

9 

<s  13c 

2/25 

32-05.  64-00  TO 

31-52,.  63-48 

779-  830 

800 

2215-2315 

3« 

1  KMT 

,4 

i  ’3d 

2/25 

32-05,  64-00  TO 

31-52,  63-48 

NEUSTON 

1945-2015 

1M 

RING 

*8 

O  13E 

2/25 

32-05,  64-00  TO 

31-52,  63-48 

NEUSTON 

2030-2100 

1M 

RING 

/>  1 3F 

2/25 

32-05.  64-00  TO 

31-52,  63-48 

NEUSTON 

2130-2145 

1M 

RING 

2 

1 3G 

2/25 

32-05,  64-00  TO 

31-52.  63-48 

NEUSTON 

2215-2245 

1M 

RING 

l« 

13M 

2/25 

32-05,  64-00  TO 

31-52.  63-48 

0-  798 

798 

2315-0003 

3« 

1  KMT 

tip 

Z  !«•* 

2/26 

31-51.  63-47  TO 

31-47.  63-46 

193-  201 

200 

0204-0304 

3M 

1  KMT 

s 

v  1  LB 

2/26 

31-51.  63-47  TO 

31-47,  63-46 

200-  208 

200 

0304-0404 

3M 

1  KMT 

?! 

V  14c 

2/26 

31-51.  63-47  TO 

31-47,  63-46 

196-  206 

200 

0404-0504 

3M 

1  KMT 

ijj 

Mb  1 4D 

2/26 

31-51,  63-47  TO 

31-47,  63-46 

NEUSTON 

0125*0140 

1M 

RING 

a 

14E 

2/26 

31-51.  63-47  TO 

31-47.  63-46 

NEUSTON 

0200-0230 

1M 

RING 

z 

V  14F 

2/26 

31-51.  63-47  TO 

31-47,  63-46 

NEUSTON 

0322-0352 

1M 

RING 

F 

1  LG 

2/26 

31-51.  63-47  TO 

31-47,  63-46 

NEUSTON 

0352-0422 

1M 

RING 

fi 

P  14M 

2/26 

31-51.  63-47  TO 

31-47.  63-46 

0-  197 

197 

0504-0527 

3« 

1  KMT 

ir 

^  15* 

2/26 

32-04,  64-03  TO 

31-58,  63-55 

594-  600 

598 

0910-0955 

3M 

1  KMT 

>/  158 

2/26 

32-04,  64-03  TO 

31-58,  63-55 

594-  609 

600 

0955-1040 

3M 

1  KMT 

A 

%■  15C 

2/26 

32-04,  64-03  TO 

31-58,  63-55 

577-  599 

580 

1040-1125 

3M 

1  KMT 

V 

O  1 5M 

2/26 

32-04,  64-03  TO 

31-58.  63-55 

0-  584 

584 

1125-1158 

3* 

1  KMT 

160 

2/26 

32-02,  63-5S  ro 

31-51.  63-43 

NEUSTON 

1715-1745 

1M 

RING 

>4 

S  16P 

2/26 

32-02,  63-58  TO 

31-51.  63-43 

0-1626 

1550 

1400-1913 

3« 

1  KMT 

r 

*>  1  7  A 

2/26 

31-54.  63-39  TO 

31-51.  63-42 

401-  452 

440 

2015-2115 

3M 

1  KMT 

l( 

»  178 

2/26 

31-54,  63-39  TO 

31-51.  63-42 

433-  450 

440 

2115-2215 

3M 

1  KMT 

28 
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1  able  3. — Continued. 


•Si; 

Ml1 


COORDINATES 


SAMPLE 

OATE 

1972 

MM/OD 

NORTH 

0-M 

WEST 

0-M 

NORTH 

0-M 

WEST 

D-M 

MIN-MAX 

I7C 

2/26 

31 

-54. 

63-39 

TO 

31 

-51. 

63-42 

433-  438 

1 7D 

2/26 

31 

-54. 

63*39 

TO 

31 

-51. 

63-42 

NEUSTON 

17E 

2/26 

31 

-54. 

63-39 

TO 

31 

-51. 

63-42 

NEUSTON 

17F 

2/26 

31 

-54. 

63*39 

TO 

31 

■51. 

63-42 

NEUSTON 

17G 

2/26 

31 

-54. 

63*39 

TO 

31 

■51, 

63-42 

NEUSTON 

17M 

2/26 

31 

-54. 

63-39 

TO 

31 

-51. 

63-42 

0-  438 

l  8a 

2/27 

31 

-51. 

63-42 

TO 

31 

■42. 

63-32 

1016-1016 

1 8B 

2/27 

31 

-51. 

63-42 

TO 

31 

•42, 

63-32 

992-1059 

18c 

2/27 

31 

-51. 

63-42 

TO 

31 

■42, 

63-32 

984-1026 

18D 

2/27 

31 

-51. 

63-42 

TO 

31 

■42. 

63-32 

NEUSTON 

I8E 

2/27 

31 

-51. 

63-42 

TO 

31 

■42, 

63-32 

NEUSTON 

l  8m 

2/27 

31 

•51. 

63-42 

TO 

31 

•42, 

63-32 

0-  984 

1  gp 

2/27 

32 

-00, 

64-00 

TO 

31 

■48, 

63-44 

0-1340 

20A 

2/27 

31 

-47. 

63-42 

TO 

31 

■40, 

63-41 

171-  172 

20B 

2/27 

31 

-47. 

63-42 

TO 

31 

■40, 

63-41 

166-  172 

20C 

2/27 

31 

-47. 

63-42 

TO 

31 

■40, 

63-41 

164-  166 

20M 

2/27 

31 

-47. 

63-42 

TO 

31 

■40. 

63-41 

0-  164 

21A 

2/27 

31 

-41. 

63-41 

TO 

31 

-55. 

63-51 

602-  627 

216 

2/27 

31 

•41. 

63-41 

TO 

31 

■55. 

63-51 

587-  602 

2 1 C 

2/27 

31 

-41. 

63-41 

TO 

31 

■55, 

63-51 

578-  587 

2  1 D 

2/27 

31 

-41. 

63-41 

TO 

31 

•55. 

63-51 

NEUSTON 

2  1  E 

2/27 

31 

-41 . 

63-41 

TO 

31 

■55. 

63-51 

NEUSTON 

2  1  F 

2/27 

31 

■41. 

63-41 

TO 

31 

■55. 

63-51 

NEUSTON 

2 1 G 

2/27 

31 

-41 . 

63-41 

TO 

31 

■55. 

63-51 

NEUSTON 

2 1 H 

2/27 

31 

■41. 

63-41 

TO 

31 

•55. 

63-51 

NEUSTON 

2 1 J 

2/27 

31 

-41. 

63-41 

TO 

31 

•55. 

63-51 

NEUSTON 

21M 

2/27 

31 

-41. 

63-41 

TO 

31 

-55. 

63-51 

0-  578 

22A 

2/28 

31 

-55. 

63-51 

TO 

32 

-12, 

63-53 

150-  150 

22B 

2/28 

31 

-55. 

63-51 

TO 

32 

-12, 

63-53 

150-  167 

220 

2/28 

31 

-55. 

63-51 

TO 

32 

-12, 

63-53 

NEUSTON 

22M 

2/28 

31 

-55, 

63-51 

TO 

32 

-12, 

63-53 

0-  165 

23A 

2/28 

32 

-21. 

63-55 

TO 

32 

-08, 

63-54 

1251-1321 

23B 

2/28 

32 

-21 . 

63-55 

TO 

32 

-08, 

63-54 

1231-1251 

23C 

2/28 

32 

-21 , 

63-55 

TO 

32 

-08. 

63-54 

1251-1274 

23P 

2/28 

32 

-21. 

63-55 

TO 

32 

-08, 

63-54 

0-1301 

24A 

2/28 

32 

-08, 

63-47 

TO 

32 

-00, 

63-47 

1241-1266 

24B 

2/28 

32 

-08, 

63-47 

TO 

32 

-00, 

63-47 

1237-1300 

24C 

2/28 

32 

-08. 

63-47 

TO 

32 

-00, 

63-47 

1205-1300 

24D 

2/28 

32 

-08, 

63-47 

TO 

32 

-00, 

63-47 

NEUSTON 

2LE 

2/28 

32 

-08. 

63-47 

TO 

32 

-00, 

63-47 

NEUSTON 

24F 

2/28 

32 

-08. 

63-47 

TO 

32 

-00, 

63-47 

NEUSTON 

24M 

2/28 

32 

-08, 

63-47 

TO 

32 

-00, 

63-47 

0-1236 

25A 

2/29 

31 

-57. 

63-47 

TO 

31 

-50, 

63-47 

1483-1548 

25B 

2/29 

31 

-57. 

63-47 

TO 

31 

-50, 

63-47 

1488-1555 

25C 

2/29 

31 

-57. 

63-47 

TO 

31 

-50, 

63-47 

1488-1565 

250 

2/29 

31 

-57. 

63-47 

TO 

31 

-50, 

63-47 

NEUSTON 

25« 

2/29 

31 

-57. 

63-47 

TO 

31 

-50, 

63-47 

0-1500 

2  7  A 

2/29 

31 

-51. 

64-04 

TO 

31 

-54, 

64- 1 6 

82-  H7 

27B 

2/29 

31 

-51. 

64-04 

TO 

31 

-54. 

64- 1 6 

77-  82 

27C 

2/29 

31 

-51. 

64-04 

TO 

31 

-54, 

64- 1 6 

72-  82 

27M 

2/29 

31 

-51. 

64-04 

TO 

31 

-54, 

64-16 

0-  82 

23A 

2/29 

31 

-54, 

64-16 

TO 

32 

-03. 

64-21 

95-  95 

28B 

2/29 

31 

-54, 

64-16 

TO 

32 

-03. 

64-21 

95-  95 

28C 

2/29 

31 

-54. 

64-16 

TO 

32 

-03. 

64-21 

95-  95 

28M 

2/29 

31 

-54. 

64-16 

TO 

32 

-03. 

64-21 

0-  95 

29A 

2/29 

32 

-03. 

64-20 

TO 

32 

-08, 

64-09 

68-  68 

2  9B 

2/29 

32 

-03. 

64-20 

TO 

32 

-08, 

64-09 

68-  68 

29C 

2/29 

32 

-03, 

64-20 

TO 

32 

-08, 

64-09 

68-  68 

29M 

2/29 

32 

-03. 

64-20 

TO 

32 

-08, 

64-09 

0-  68 

30A 

3/  l 

32 

-08 , 

64-09 

TO 

32 

-16, 

64-08 

33-  34 

30B 

3/  l 

32 

-o8. 

64-09 

TO 

32 

-16, 

64-08 

34-  34 

3 M  I  KMT 
1M  RING 
IM  RING 
1M  RING 
1M  RING 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
1M  RING 
IM  RING 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
IM  RING 
IM  RING 
IM  RING 
IM  RING 
IM  RING 
IM  RING 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
IM  RING 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
IM  RING 
IM  RING 
IM  RING 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
IM  RING 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 
3M  I  KMT 


m 
% 


m 
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Table  3. — Continued. 


COORDINATES 


DEPTH  (M) 


SAMPLE 

DATE 

1972 

MM/DD 

NORTH 

0-M 

WEST 

0-M 

NORTH 

D-M 

WEST 

D-M 

MIN- 

MAX 

MAIN 

TIME 

LOCAL 

START-END 

GEAR 

30C 

3/ 

1 

32- 

08, 

66-09 

TO 

32 

-16. 

66-08 

36- 

36 

36 

O63O- 

0518 

3M 

1  KMT 

30M 

3/ 

l 

32- 

08, 

66-09 

TO 

32 

-16, 

66-08 

0- 

36 

36 

0518- 

0522 

3M 

1  KMT 

3 1 P 

3/ 

1 

32- 

16, 

66-08 

TO 

32- 

-27. 

63-69 

0- 

1557 

1680 

0819- 

1330 

3M 

1  KMT 

32  A 

3/ 

l 

32- 

28, 

63-65 

TO 

32 

-30, 

63-39 

33- 

33 

33 

1615- 

1515 

3M 

1  KMT 

32B 

3/ 

I 

32- 

28, 

63-65 

TO 

32 

-30, 

63-39 

33- 

33 

33 

1515- 

1619 

3M 

1  KMT 

32C 

3/ 

1 

32- 

28, 

63-65 

TO 

32- 

-30, 

63-39 

33- 

33 

33 

1619- 

1665 

3M 

1  KMT 

32P 

3/ 

1 

32- 

28, 

63-65 

TO 

32 

-30, 

63-39 

0- 

33 

33 

1665- 

1733 

3M 

1  KMT 

33A 

3/ 

1 

32- 

16, 

63-57 

TO 

32 

-15, 

63-61 

708- 

750 

760 

2119- 

2219 

3M 

1  KMT 

33B 

3/ 

1 

32- 

16, 

63-57 

TO 

32 

-15, 

63-61 

702- 

769 

720 

2219- 

2319 

3M 

1  KMT 

33C 

3/ 

1 

32- 

1 6 , 

63-57 

TO 

32- 

-15. 

63-6I 

702- 

730 

720 

2319- 

0019 

3M 

1  KMT 

33D 

3/ 

1 

32- 

16. 

63-57 

TO 

32 

-15. 

63-6I 

NEUSTON 

2225- 

2310 

1M 

RING 

33M 

3/ 

1 

32- 

16. 

63-57 

TO 

32- 

15. 

63-61 

0- 

722 

722 

0019- 

0066 

3M 

1  KMT 

31*A 

3/ 

2 

32- 

16, 

63-6O 

TO 

32- 

26, 

63-69 

517- 

552 

530 

0210- 

0310 

3M 

1  KMT 

36b 

3/ 

2 

32- 

16. 

63-60 

TO 

32- 

26. 

63-69 

523- 

533 

530 

0310- 

0610 

3  M 

1  KMT 

36C 

3/ 

2 

32- 

16, 

63-60 

TO 

32- 

-26, 

63-69 

533- 

537 

535 

0610- 

0510 

3M 

1  KMT 

36D 

3/ 

2 

32- 

16, 

63-60 

TO 

32- 

-26. 

63-69 

NEUSTON 

0200- 

0230 

1M 

RING 

36M 

3/ 

2 

32- 

16, 

63-60 

TO 

32- 

-26, 

63-69 

0- 

537 

537 

0510- 

0601 

3M 

1  KMT 

35A 

3/ 

2 

32- 

27. 

66-17 

TO 

32- 

-28, 

66-00 

I678- 

1536 

1515 

1000- 

1100 

3M 

1  KMT 

35B 

3/ 

2 

32- 

27. 

66-17 

TO 

32- 

28, 

66-00 

1696- 

1526 

1520 

1100- 

1200 

3M 

1  KMT 

35C 

3/ 

2 

32- 

27. 

66-17 

TO 

32- 

28, 

66-00 

1506- 

1536 

1525 

1200- 

1313 

3M 

1  KMT 

35M 

3/ 

2 

32- 

27. 

66-17 

TO 

32- 

28, 

66-00 

0- 

1506 

1506 

1313- 

1600 

3M 

1  KMT 

36a 

3/ 

2 

32- 

30. 

63-59 

TO 

32- 

-28, 

6  3-68 

115- 

153 

135 

1628- 

1618 

3M 

1  KMT 

36C 

3/ 

2 

32- 

30. 

63-59 

TO 

32- 

-28, 

63-68 

132- 

137 

135 

1618- 

1668 

3M 

1  KMT 

36P 

3/ 

2 

32- 

30. 

63-59 

TO 

32- 

28, 

63-68 

0- 

135 

135 

1668- 

1736 

3M 

1  KMT 

37  A 

3/ 

2 

32- 

20, 

66-16 

TO 

32- 

-18. 

66-05 

190- 

251 

225 

2019- 

21  19 

3M 

1  KMT 

37B 

3/ 

2 

32- 

20, 

66-16 

TO 

32- 

-18, 

66-05 

201- 

239 

220 

2119- 

2219 

3M 

1  KMT 

37C 

3/ 

2 

32- 

20. 

66-16 

TO 

32- 

-18, 

66-05 

202- 

217 

215 

2219- 

2319 

3M 

1  KMT 

37M 

3/ 

2 

32- 

20, 

66-16 

TO 

32- 

-18, 

66-05 

0- 

217 

217 

2319- 

2331 

3M 

1  KMT 

38a 

3/ 

3 

32- 

19, 

66-07 

TO 

32- 

29. 

66-15 

352- 

385 

380 

0019- 

01 19 

3M 

1  KMT 

38b 

3/ 

3 

32- 

19. 

66-07 

TO 

32- 

-29, 

66-15 

385- 

386 

385 

01 19- 

0219 

3M 

1  KMT 

38c 

3/ 

3 

32- 

19. 

66-07 

TO 

32- 

-29. 

66-15 

368- 

386 

375 

0219- 

0336 

3M 

1  KMT 

38d 

3/ 

3 

32- 

19. 

66-07 

TO 

32- 

-29. 

66-15 

NEUSTON 

0019- 

0036 

1M 

RING 

38m 

3/ 

3 

32- 

19, 

66-07 

TO 

32 

-29. 

66-15 

0- 

368 

368 

0336- 

0352 

3M 

1  KMT 

39A 

3/ 

3 

32- 

15. 

66-02 

TO 

32 

-28, 

66-17 

730- 

766 

735 

O816- 

0906 

3M 

1  KMT 

39B 

3/ 

3 

32- 

15. 

66-02 

TO 

32 

-28, 

66-17 

726- 

739 

735 

0906- 

0955 

3M 

1  KMT 

39C 

3/ 

3 

32- 

-15. 

66-02 

TO 

32 

-28, 

66-17 

716- 

738 

720 

0955- 

1066 

3M 

1  KMT 

39« 

3/ 

3 

32- 

-15. 

66-02 

TO 

32 

-28, 

66-17 

0- 

719 

719 

1066- 

1130 

3M 

1  KMT 

cruise  16 


1A 

6/ 

6 

32-10,  66-10 

TO 

32-07,  63-50 

290-  296 

290 

1637-1537 

3M 

1  KMT 

IB 

6/ 

6 

32-10,  66-10 

TO 

32-07,  63-50 

292-  296 

296 

1537-1637 

3M 

1  KMT 

1C 

6/ 

6 

32-10,  66-10 

TO 

32-07,  63-50 

282-  293 

293 

1637-1737 

3M 

1  KMT 

ID 

6/ 

6 

32-10,  66-10 

TO 

32-07,  63-50 

NEUSTON 

I619-I6A9 

1M 

RING 

IE 

6/ 

6 

32-10,  66-10 

TO 

32-07,  63-50 

NEUSTON 

1655-1525 

1M 

RING 

IF 

6/ 

6 

32-10,  66-10 

TO 

32-07,  63-50 

NEUSTON 

1560-1669 

1M 

RING 

1 M 

6/ 

6 

32-10,  66-10 

TO 

32-07,  63-50 

0-  290 

290 

1737-1758 

3M 

1  KMT 

2A 

6/ 

6 

32-10,  63-59 

TO 

32-11, 

63-61 

280-  307 

290 

2045-21 69 

3M 

1  KMT 

2B 

6/ 

6 

32-10,  63-59 

TO 

32-11,  63-61 

287-  306 

298 

21 69-2255 

3M 

1  KMT 

2C 

6/ 

6 

32-10,  63-59 

TO 

32-11, 

63-61 

282-  298 

285 

2255-2600 

3M 

1  KMT 

2D 

6/ 

6 

32-10,  63-59 

TO 

32-11, 

63-61 

NEUSTON 

2019-2069 

1M 

RING 

2E 

6/ 

6 

32-10,  63-59 

TO 

32-11. 

63-6 1 

NEUSTON 

2052-2122 

1M 

RING 

2F 

6/ 

6 

32-10,  63-59 

TO 

32-11. 

63-6 1 

NEUSTON 

2125-2155 

1M 

RING 

2G 

6/ 

6 

32-10,  63-59 

TO 

32-11. 

63-61 

NEUSTON 

2200-2230 

1M 

RING 

2H 

6/ 

6 

32-10,  63-59 

TO 

32-11. 

63-61 

NEUSTON 

2236-2306 

1M 

RING 

2  J 

6/ 

6 

32-10,  63-59 

TO 

32-11. 

63-6I 

NEUSTON 

2310-2360 

1M 

RING 

2M 

6/ 

6 

32-10,  63-59 

TO 

32-11,  63-6 1 

0-  282 

282 

2600-0036 

3  M 

1  KMT 

3A 

6/ 

5 

32-12, 

65-65 

TO 

32-17.  63-60 

91-  96 

96 

0215-0265 

3M 

1  KMT 

3B 

6/ 

5 

32-12. 

65-65 

TO 

32-17,  63-60 

91-  93 

92 

0265-0315 

3M 

1  KMT 

30 

6/ 

5 

32-12,  65-65 

TO 

32-17,  63-60 

NEUSTON 

0257-0327 

1M 

RING 

3P 

6/ 

5 

32  12,  65-65 

TO 

32-17. 

63-6O 

0-  92 

92 

0315-0606 

3M 

1  KMT 

SMITHSONIAN  CONTRIBUTIONS  TO  ZOOLOGY 


Table  3. — Continued. 


COORDINATES 


SAMPLE  DATE 


DEPTH  (M) 


TIME 


GEAR 


MM/DO 

0 

-M 

0-M 

D-M 

D-M 

MIN-MAX 

MAIN 

START-END 

4A 

6/ 

5 

32 

-07. 

63-52 

TO 

32-05. 

63-35 

96-  97 

96 

0645-0734 

3« 

1  KMT 

4b 

6/ 

5 

32 

-07. 

63*52 

TO 

32-05. 

63-35 

92-  96 

94 

0734-0825 

3  « 

1  KMT  vy 

AC 

6/ 

5 

32 

-07. 

63-52 

TO 

32-05, 

63-35 

92-  93 

92 

0825-0915 

3* 

1  KMT  HgJ 

AM 

6/ 

5 

32 

-07. 

63-52 

TO 

32-05, 

63-35 

0-  93 

93 

0915-0933 

3M 

1  KMT  ~ 

5A 

6/ 

5 

32 

-08. 

63-3A 

TO 

32-00, 

63-30 

392-  404 

398 

1430-1530 

3M 

1  KMT  JL 

5B 

6/ 

5 

32 

i08. 

&3-3A 

TO 

32-00, 

63-30 

396-  401 

399 

1530-1600 

3M 

1  KMT  vy 

5C 

6/ 

5 

32 

-,08, 

63-34 

TO 

32-00, 

63-30 

392-  All 

395 

1600-1730 

3« 

1  KMT  fxfi 

5D 

6/ 

5 

32 

-08. 

63-34 

TO 

32-00, 

63-30 

NEUSTON 

1515-1615 

1M 

RING  OW 

5  M 

6/ 

5 

32 

-08, 

63-34 

TO 

32-00, 

63-30 

0-  396 

396 

1730-1800 

3M 

1  KMT  Gjfl 

6A 

6/ 

6 

32 

-08, 

63-55 

TO 

31-58, 

63-52 

761-  842 

800 

0700-0800 

3M 

1  KMT 

68 

6/ 

6 

32' 

-08, 

63-55 

TO 

31-58, 

63-52 

760-  800 

775 

0800-1000 

3M 

1  KMT 

60 

6/ 

6 

32 

-'08. 

63-55 

TO 

31-58, 

63-52 

NEUSTON 

0534-0604 

1M 

RING  " 

6E 

6/ 

6 

32 

-08, 

63-55 

TO 

31-58. 

63-52 

NEUSTON 

0625-0655 

1M 

RING  • 

6F 

6/ 

6 

32 

-08, 

63-55 

TO 

31-58, 

63-52 

NEUSTON 

0734-0804 

1M 

RING  W 

6G 

6/ 

6 

32 

-08, 

63-55 

TO 

31-58, 

63-52 

NEUSTON 

0910-0940 

1M 

RING 

6M 

6/ 

6 

32 

-08, 

63-55 

TO 

31-58, 

63-52 

0-  763 

763 

1000-1034 

3M 

1  KMT 

7A 

6/ 

6 

32 

-03. 

63-55 

TO 

31-57, 

63-35 

951-  993 

990 

1519-1610 

3M 

1  KMT 

7B 

6/ 

6 

32 

-03, 

63-55 

TO 

31-57, 

63-35 

957-  992 

985 

1610-1 700 

3M 

1  KMT 

7C 

6/ 

6 

32 

-03. 

63-55 

TO 

31-57, 

63-35 

958-  998 

990 

1700-1749 

3M 

1 kmt  gjy 

7M 

6/ 

6 

32 

-03, 

63-55 

TO 

31-57. 

63-35 

0-  962 

962 

1749-1901 

3M 

IKMT 

8A 

6/ 

6 

31 

-58, 

63-38 

TO 

31-48, 

63-38 

380-  435 

400 

2130-2219 

3M 

IKMT  • 

8b 

6/ 

6 

31 

-58, 

63-38 

TO 

31-48, 

63-38 

380-  392 

390 

2219-2310 

3M 

IKMT 

8C 

6/ 

6 

31 

-58, 

63-38 

TO 

31-48, 

63-38 

388-  392 

392 

2310-2400 

3M 

1  KMT 

8d 

6/ 

6 

31 

-58, 

63-38 

TO 

31-48, 

63-38 

NEUSTON 

2315-2345 

1M 

RING 

8m 

6/ 

6 

31 

-58, 

63-38 

TO 

31-48. 

63-38 

0-  392 

392 

2400-0033 

3M 

1  kmt 

9A 

6/ 

7 

31 

-A6, 

63-38 

TO 

31-39, 

63-36 

144-  164 

149 

0210-0255 

3M 

1  KMT  M? 

9B 

6/ 

7 

31 

-A6, 

63-38 

TO 

31-39, 

63-36 

122-  148 

138 

0255-0340 

3M 

1 KHT  'M 

9D 

6/ 

7 

31 

-A6, 

63-38 

TO 

31-39, 

63-36 

NEUSTON 

0230-0300 

1M 

RING  -XX 

9E 

6/ 

7 

31 

-A6, 

63-38 

TO 

31-39. 

63-36 

NEUSTON 

0304-0334 

1M 

RING  • 

9F 

6/ 

7 

31 

-A6 , 

63-38 

TO 

31-39, 

63-36 

NEUSTON 

0340-0410 

1M 

RING  Sac 

9P 

6/ 

7 

31 

-A6 , 

63-38 

TO 

31-39. 

63-36 

0-  150 

150 

0340-0407 

3M 

IKMT 

10A 

6/ 

7 

31 

-A8 , 

63-49 

TO 

31-36. 

63-42 

565-  624 

595 

0645-0745 

3M 

IKMT 

I0B 

6/ 

7 

31 

-A8, 

63-49 

TO 

31-36, 

63-42 

580-  622 

595 

0745-0845 

3« 

1 KMT  W 

10C 

6/ 

7 

31 

-A8, 

63-49 

TO 

31-36, 

63-42 

578-  600 

590 

0845-0945 

3M 

1  KMT  KW 

10D 

6/ 

7 

31 

-A8, 

63-49 

TO 

31-36, 

63-42 

NEUSTON 

0800-0900 

1M 

RING  lAMC 

10M 

6/ 

7 

31 

-A8. 

63-49 

TO 

31-36, 

63-42 

0-  578 

578 

0945-1012 

3M 

IKMT 

1  1A 

6/ 

7 

31 

-Al. 

63-49 

TO 

31-29, 

63-43 

1228-1245 

1230 

1445-1545 

3M 

IKMT  • 

1  IB 

6/ 

7 

31 

-A  I. 

63-49 

TO 

31-29, 

63-43 

1214-1245 

1220 

1545-1645 

3M 

1  KMT  !!WJ 

1IC 

6/ 

7 

31 

-Al, 

63-49 

TO 

31-29, 

63-43 

1214-1237 

1225 

1645-1745 

3M 

1 KMT  Sjs, 

1  ID 

6/ 

7 

31 

-41, 

63-49 

TO 

31-29. 

63-43 

NEUSTON 

1706-1736 

1M 

RING  {Vx 

1  IE 

6/ 

7 

31 

-Al . 

63-49 

TO 

31-29, 

63-43 

NEUSTON 

’755-1840 

1M 

RING  JXX 

1  1M 

6/ 

7 

31 

-Al, 

63-49 

TO 

31-29, 

63-43 

0-1250 

1250 

1745-1915 

3* 

1  KMT 

12A 

6/ 

7 

31 

-33. 

63-45 

TO 

31-35. 

63-53 

741-  870 

810 

2049-2134 

3M 

1  KMT 

12B 

6/ 

7 

31 

-33, 

63-45 

TO 

31-35, 

63-53 

741-  795 

780 

2134-2225 

3M 

IKMT  iJSjQ 

1  2C 

6/ 

7 

31 

-33. 

63-45 

TO 

31-35, 

63-53 

751-  800 

775 

2225-2310 

3M 

IKMT  • 

120 

6/ 

7 

31 

-33, 

63-45 

TO 

31-35, 

63-53 

NEUSTON 

2140-2210 

1M 

RING  IJW 

12E 

6/ 

7 

31 

-33, 

63-45 

TO 

31-35, 

63-53 

NEUSTON 

2215-2245 

1 M 

R 1 NG  Miff 

12F 

6/ 

7 

31 

-33. 

63-45 

TO 

31-35, 

63-53 

NEUSTON 

2249-2319 

1M 

r!ng  r/xC 

12M 

6/ 

7 

31 

-33. 

63-45 

TO 

31-35, 

63-53 

0-  799 

799 

2310-2343 

3M 

1 KMT  [vft 

13A 

6/ 

8 

31 

-36. 

63-54 

TO 

31-36, 

63-49 

150-  180 

175 

0200-0255 

3M 

1 KNT  >jSc 

13B 

6/ 

8 

31 

-36, 

63-54 

TO 

31-36, 

63-49 

170-  190 

175 

0255-03A0 

3M 

1  KnT  MW 

13C 

6/ 

8 

31 

-36, 

63-54 

TO 

31-36, 

63-49 

170-  190 

175 

0340-0400 

3M 

1 kmt  yffi 

1  3D 

6/ 

8 

31 

-36, 

63-54 

TO 

31-36, 

63-49 

NEUSTON 

0215-0245 

1M 

R 1  NG  • 

13E 

6/ 

8 

31 

-36, 

63-54 

TO 

31-36, 

63-49 

NEUSTON 

0249-0319 

1M 

RING  BJK 

13M 

6/ 

8 

31 

-36, 

63-54 

TO 

31-36, 

63-49 

0-  175 

175 

0400-0413 

3« 

IKMT  W, 

1AA 

6/ 

8 

31 

-51. 

63-55 

TO 

31-42, 

63-55 

461-  497 

475 

0640-0740 

3« 

IKMT  Jjf' 

1AB 

6/ 

8 

31 

-51. 

63-55 

TO 

31*42, 

63-55 

452-  500 

480 

0740-0840 

3M 

1  KMT  JJV 

1  AC 

6/ 

8 

31 

-51. 

63-55 

TO 

31-42. 

63-55 

454-  497 

485 

0840-0940 

3M 

IKMT  ?  W 

1AM 

6/ 

8 

31 

-51. 

63-55 

TO 

31-42, 

63-55 

0-  462 

462 

0940-1010 

3« 

IKMT  ijfil 

15A 

6/ 

B 

31 

-53. 

63-56 

TO 

31-5). 

63-47 

190-  205 

195 

1410-1510 

3* 

IKMT 

15B- 

6/ 

8 

31 

-53. 

63-56 

TO 

31-51, 

63-47 

186-  189 

189 

1510-1610 

3M 

!  KMT  _JU 

452 


Table  3. — Continued. 


COORDINATES 


DEPTH  (M) 


SAMPLE 

OATE 

1972 

MM/DD 

NORTH 

D-M 

WEST 

0-M 

NORTH 

0-M 

WEST 

0-M 

MIN-MAX 

MAIN 

TIME 

LOCAL 

START-END 

GEAR 

15C 

6/  8 

31 

■53. 

63-56 

TO 

31 

-51. 

63-47 

184- 

189 

188 

1610-1710 

3M 

1  KMT 

150 

6/  8 

31 

-53. 

63-56 

TO 

31 

-51. 

63-47 

NEUSTON 

1410-1440 

1M 

RING 

15M 

6/  8 

31 

-53, 

63-56 

TO 

31 

-51. 

63-47 

0- 

184 

184 

1710-1734 

3M 

1  KMT 

1 6D 

6/  8 

31 

-48. 

63-43 

TO 

31 

-41 , 

63-38 

NEUSTON 

1930-2000 

1M 

RING 

16E 

6/  8 

31 

-48. 

63-43 

TO 

31 

-41 , 

63-38 

NEUSTON 

2030-2100 

1M 

RING 

16F 

6/  8 

31 

-48, 

63-43 

TO 

31 

-41, 

63-38 

NEUSTON 

2103-2133 

1M 

RING 

16G 

6/  8 

31 

-48. 

63-43 

TO 

31 

-41 , 

63-38 

NEUSTON 

2134-2204 

1M 

RING 

i6p 

6/  8 

31 

-48, 

63-43 

TO 

31 

-41 , 

63-38 

0- 

1038 

1038 

2055-2210 

3* 

1  KMT 

17A 

6/  9 

31 

-43, 

63-45 

TO 

31 

-31. 

63-53 

556- 

600 

57  5 

0115-0204 

3M 

1  KMT 

1  7B 

6/  9 

31 

-43. 

63-45 

TO 

31 

-31. 

63-53 

554- 

605 

575 

0204-0255 

3M 

1  KMT 

17c 

6/  9 

31 

-43, 

63-45 

TO 

31 

-31. 

63-53 

574- 

604 

585 

0255-0340 

3M 

1  KMT 

17M 

6/  9 

31 

-43, 

63-45 

TO 

31 

-31, 

63-53 

0- 

588 

588 

0340-0443 

3M 

1  KMT 

I8A 

6/  9 

31 

-43. 

64-03 

TO 

31 

-46, 

63-46 

149- 

151 

150 

0700-0800 

3M 

1  KMT 

1  8b 

6/  9 

31 

-43, 

64-03 

TO 

31 

-46, 

63-46 

147- 

148 

148 

0800-0900 

3M 

1  KMT 

18c 

6/  9 

31 

-43. 

64-03 

TO 

31 

-46, 

63-46 

138- 

149 

148 

0900-1000 

3M 

1  KMT 

18D 

6/  9 

31 

-43. 

64-03 

TO 

31 

-46, 

63-46 

NEUSTON 

0910-0940 

1M 

RING 

i8m 

6/  9 

31 

-43. 

64-03 

TO 

31 

-46, 

63*46 

0- 

140 

140 

1000-1012 

3M 

1  KMT 

1  gA 

6/  9 

31 

-44, 

63-53 

TO 

31 

-50, 

63-45 

338- 

350 

340 

1449-1549 

3M 

1  KMT 

1 9B 

6/  9 

31 

-44, 

63-53 

TO 

31 

-50, 

63-45 

328- 

340 

330 

1549-1649 

3M 

1  KMT 

19c 

6/  9 

31 

-44. 

63-53 

TO 

31 

-50, 

63-45 

328- 

340 

330 

1649-1749 

3M 

1  KMT 

19M 

6/  9 

31 

-44, 

63-53 

TO 

31 

-50, 

63-45 

0- 

331 

331 

1749-1810 

3M 

1  KMT 

20A 

6/  9 

31 

-55. 

63-53 

TO 

31 

-54, 

63-42 

476- 

504 

476 

2055-2155 

3M 

1  KMT 

20B 

6/  9 

31 

-55. 

63-53 

TO 

31 

-54, 

63-42 

484- 

503 

485 

2155-2255 

3M 

1  KMT 

20C 

6/  9 

31 

-55. 

63-53 

TO 

31 

-54, 

63-42 

483- 

491 

485 

2255-2355 

3M 

1  KMT 

20M 

6/  9 

31 

-55. 

63-53 

TO 

31 

-54, 

63-42 

c- 

483 

483 

2355-0049 

3M 

1  KMT 

2  1  A 

6/10 

31 

-52. 

63-39 

TO 

31 

-49, 

63-39 

50- 

52 

50 

0240-0310 

3M 

1  KMT 

2 1 B 

6/10 

31 

-52. 

63-39 

TO 

31 

-49. 

63-39 

54- 

56 

55 

0310-0340 

3M 

1  KMT 

21C 

6/10 

31 

-52. 

63-39 

TO 

31 

-49, 

63-39 

54- 

56 

55 

0340-0400 

3M 

1  KMT 

21M 

6/10 

31 

-52, 

63*39 

TO 

31 

-49, 

63-39 

0- 

56 

56 

0400-0415 

3M 

1  KMT 

22A 

6/10 

31 

-49. 

63-39 

TO 

31 

-36, 

63-40 

1485- 

1550 

1525 

0645-0745 

3M 

1  KMT 

22B 

6/10 

31 

-49, 

63-39 

TO 

31 

-36. 

63-40 

1479- 

1553 

1525 

0745-0845 

3M 

1  KMT 

22C 

6/10 

31 

-49, 

63-39 

TO 

31 

-36. 

63-40 

1479- 

1552 

1510 

0845-0945 

3M 

1  KMT 

22D 

6/10 

31 

-49. 

63-39 

TO 

31 

-36, 

63-40 

NEUSTON 

0800-0830 

1M 

RING 

22M 

6/10 

31 

-49. 

63-39 

TO 

31 

-36, 

63-40 

0- 

1530 

1530 

0945-1045 

3M 

1  KMT 

23A 

6/10 

31 

-33. 

63-39 

TO 

31 

-26, 

63-33 

660- 

723 

700 

1145-1245 

3M 

1  KMT 

23B 

6/10 

31 

-33. 

63-39 

TO 

31 

-26. 

63-33 

654- 

674 

665 

1245-1345 

3M 

1  KMT 

23C 

6/10 

31 

-33. 

63-39 

TO 

31 

-26, 

63-33 

662- 

694 

685 

1345-1445 

3M 

1  KMT 

23M 

6/10 

31 

-33. 

63-39 

TO 

31 

-26, 

63-33 

0- 

662 

662 

1445-1536 

3M 

1  KMT 

24A 

6/10 

31 

-46. 

63-59 

TO 

32 

-01, 

63-50 

947- 

996 

985 

2100-2200 

3M 

1  KMT 

24B 

6/10 

31 

-56. 

63-59 

TO 

32 

-01, 

63-50 

979- 

1015 

1000 

2200-2300 

3M 

1  KMT 

24C 

6/10 

31 

-56, 

63-59 

TO 

32 

-01, 

63-50 

980- 

1025 

1000 

2300-2400 

3N 

1  KMT 

24D 

6/10 

31 

-56, 

63-59 

TO 

32 

-01, 

63-50 

NEUSTON 

1930-2030 

1M 

RING 

24E 

6/10 

31 

-56, 

63-59 

TO 

32 

-01 , 

63-50 

NEUSTON 

2255-2325 

1M 

RING 

24F 

6/10 

31 

-56. 

63-59 

TO 

32 

-01 , 

63-50 

NEUSTON 

2325-2355 

1M 

RING 

24M 

6/10 

31 

-56. 

63-59 

TO 

32 

-01 , 

63-50 

0- 

1019 

1019 

2400-0057 

3M 

1  KMT 

25D 

6/1 1 

32 

-01. 

63-50 

TO 

32 

-01 , 

63-36 

NEUSTON 

0204-0234 

1M 

RING 

25P 

6/11 

32 

-01, 

63-50 

TO 

32 

-01. 

63-36 

0- 

30 

30 

0122-0409 

3M 

1  KMT 

26A 

6/11 

32 

-11. 

63-52 

TO 

32 

-14, 

63-40 

52- 

52 

52 

0649-0734 

3M 

1  KMT 

26B 

6/11 

32 

-11. 

63-52 

TO 

32 

-14, 

63-40 

52- 

52 

52 

0734-0819 

3« 

1  KMT 

26c 

6/11 

32 

-11. 

63-52 

TO 

32 

-14, 

63-40 

52- 

52 

52 

0819-0904 

3M 

1  KMT 

26M 

6/11 

32 

-11. 

63-52 

TO 

32 

-14, 

63-40 

0- 

52 

52 

0904-0910 

3M 

1  KMT 

27A 

6/1 1 

32 

-15, 

63-38 

TO 

32 

-16, 

63-40 

27- 

27 

27 

0934-1004 

3M 

1  KMT 

278 

6/1 1 

32 

-15. 

63-38 

TO 

32 

-16, 

63-40 

27- 

27 

27 

1004-1104 

3M 

1  KMT 

27M 

6/1 1 

32 

-15. 

63-38 

TO 

32 

-16 

63-40 

0- 

27 

27 

1 104-11 10 

3M 

1  KMT 

28a 

6/1 1 

32 

-14. 

63-46 

TO 

32 

-05. 

63-45 

855- 

910 

900 

1430-1530 

3  n 

1  KMT 

28B 

6/1 1 

32 

-14, 

63*46 

TO 

32 

-05, 

63-45 

889- 

914 

900 

1530-1630 

3M 

1  KMT 

28C 

6/11 

32 

-14, 

63-46 

TO 

32 

-05. 

63-45 

880- 

913 

900 

1630-1730 

3M 

1  KMT 

28M 

6/1 1 

32 

-14, 

63-46 

TO 

32 

-05, 

63-45 

0- 

880 

880 

1730-1819 

3M 

1  KMT 

29A 

6/11 

32 

-04, 

63-43 

TO 

31 

-52, 

63-40 

1205- 

1257 

1250 

2055-2155 

3M 

1  KMT 

29B 

6/11 

32 

-04, 

63-43 

TO 

31 

-52, 

63-40 

1228- 

1250 

1250 

2155-2255 

3M 

1  KMT 

29C 

6/11 

32 

-04, 

63-43 

TO 

31 

-52. 

63-40 

1205- 

1249 

1240 

2255-2355 

3« 

1  KMT 

29M 

6/1 1 

32 

-04, 

63-43 

TO 

31 

-52. 

63-40 

0- 

1197 

1197 

2355-0046 

3M 

1  KMT 

Family  Sternoptychidae, 

Marine  Hatchetfishes  and  Related  Species 

W.  Huntting  Howell  and  William  H.  Krueger 


ABSTRACT 

The  marine  hatchetfishes  and  related  species  are  repre¬ 
sented  in  the  Ocean  Acre  collections  bv  more  than  6800 
specimens  distributed  among  seven  species  in  four  genera. 
Argyropelecus  hemigymnus  and  Sternoptyx  diaphana  weie  ca¬ 
tegorized  as  “abundant,"  A.  aculeatus  as  "common,"  Valen¬ 
ciennellus  tripunctulatus  as  "uncommon,"  and  A.  affinis,  S. 
pseudobscura,  and  Maurolicus  muelleri  as  “rare.”  Develop¬ 
mental  stages,  reproductive  cycles,  seasonal  abundance,  ver¬ 
tical  distribution,  patchiness,  and  night-to-day  catch  ratio 
are  discussed  for  each  species  for  which  there  are  enough 
data.  Of  the  four  w  ell-represented  species,  5.  diaphana  lives 
deeper  than  the  others  and  normally  does  not  migrate 
vertically.  Argyropelecus  aculeatus  and  A.  hemigymnus  occupy 
similar  depths  during  the  day,  but  A.  aculeatus  performs  a 
more  extensive  vertical  migration  to  shallower  depths  than 
.1.  hemigymnus,  which  migrates  only  slightly;  the  two  species 
differ  in  maximum  size,  longevity,  and  spawning  season. 
Yalenciennellus  tripunctulatus  resembles  A.  hemigymnus  in 
size,  pigmentation,  and  vertical  distribution,  but  the  former 
spawns  vear  around  with  no  obvious  peak,  while  the  latter 
has  a  summer  peak.  The  Ocean  Acre  Sternoptychidae  ap¬ 
pear  to  partition  their  resources  partly  by  vertical  segrega¬ 
tion  and  partly  bv  differences  in  feeding  selectivity  and 
spawning  time. 


Introduction 

The  Sternoptychidae  includes  the  true  marine  hatchet¬ 
fishes  ( Argyropelecus  and  Sternoptyx  in  the  Ocean  Acre),  and 
Weitzman  (1974)  in  his  reclassification  of  stomiiform  fishes 
included  a  number  of  related  species,  of  which  the  mono- 
tvpic  species  Maurolicus  muelleri  and  Valenciennellus  tri¬ 
punctulatus  are  present  in  the  Ocean  Acre  collections.  The 
familv  was  the  third  most  abundant  in  the  Ocean  Acre  area, 
alter  the  Gonostomatidae  and  Mvctophidae.  This  agrees 
with  Beebe's  findings  based  on  numbers  of  specimens 
taught  in  his  eight-mile  cylinder  near  Bermuda  (Beebe, 
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1987).  We  record  more  than  6800  specimens  distributed 
among  7  species  in  4  genera,  fable  4  shows  for  each  species 

(1)  the  total  number  of  specimens  taken  on  all  14  cruises, 

(2)  the  number  taken  on  the  paired  seasonal  cruises,  (3)  the 
number  taken  in  discrete-depth  samples  during  the  paired 
seasonal  cruises,  and  (4)  the  number  taken  in  noncrepus- 
cular  discrete-depth  samples  during  the  paired  seasonal 
cruises.  The  last  represents  our  primary  data  base.  Rank 
order  of  seasonal  abundance  of  the  species  is  given  in  Table 
5. 

Methods 

Methods  of  analysis,  definition  of  terms,  and  abbrevia¬ 
tions  are  given  in  the  introductory  paper  in  this  volume.  A 
few  observations  particularly  applicable  to  this  study  are 
provided  here. 

Relative  Abundance. — Each  species  was  categorized  as 
“abundant,"  “common,"  “uncommon"  or  “rare”  in  the  study 
area,  using  the  abundance  criteria  of  Karnella  (this  volume). 
Categories  are  based  on  maximum  abundance  in  noncre- 
puscular  discrete-depth  samples  in  any  given  season,  and  do 
not  necessarily  reflect  a  given  species'  overall  abundance  in 
all  seasons.  Abundant  species  (Argyropelecus  hemigymnus  and 
Sternoptyx  diaphana)  had  a  maximum  seasonal  abundance 
of  60-85  specimens  per  hour  and  were  represented  by  a 
total  of  2728  and  2870  specimens,  respectively,  for  all  14 
cruises  combined.  The  single  common  species,  A.  aculeatus, 
had  a  maximum  seasonal  abundance  of  20  specimens  per 
hour  and  was  represented  by  857  specimens.  The  only 
uncommon  species,  Valenciennellus  tripunctulatus,  had  a 
maximum  seasonal  abundance  of  7  specimens  per  hour  with 
a  total  count  of  380  specimens.  Rare  species  (A.  affinis,  S. 
pseudobscura,  and  Maurolicus  muelleri )  were  completely  ab¬ 
sent  from  noncrepuscular  discrete-depth  samples  and  were 
represented  by  1-4  specimens. 

Life  History  Stages. — Postlarvae  differ  markedly  from 
later  stages  in  body  proportions,  pigmentation,  and  photop- 
hore  development.  We  made  no  attempt  to  determine  their 
sex.  Juveniles  are  similar  to  subadults  and  adults  in  form, 
pigmentation,  and  photophore  development.  Gonads  are 
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Tahu  4. —  Numbers  of  specimens  of  each  species  of  Siemoptvt  liidae  caught  in  all  samples  during  cruises 
1-14,  iti  all  samples  during  the  paired  seasonal  cruises  (cruises  4  and  12,  10  and  14,  I  I  and  13).  in  all 
discrete-depth  samples  made  during  the  paired  seasonal  cruises,  and  in  all  noncrepusc ular  discrete-depth 
samples  made  during  the  paired  seasonal  cruises. 


CRUISES  1  -  lit 


PAIRED  SEASONAL  CRUISES 


TOTAL 

TOTAL 

DISCRETE 

NONCREPUSCULAR 

DISCRETE 

Sternoptyx  diaphana 

2728 

1237 

613 

541 

S.  pseudobscura 

3 

2 

0 

0 

Argyrope 1  ecus  hemi gymnus 

2870 

1428 

733 

653 

A.  aculeatus 

857 

420 

246 

207 

A .  af finis 

1 

0 

0 

0 

Va 1 enc i enne 1 1  us  tr i punc tul atus 

NaJ 

OO 

O 

230 

108 

78 

Maurolicus  muelleri 

4 

1 

0 

0 

TOTALS 

6843 

3318 

1700 

1679 

undcvelojted  and  thread-like  or  flattened;  sex  could  not  be 
determined.  Subadult  females  have  small  but  easily  recog¬ 
nizable  ovaries  with  clear  eggs  <0. 1  mm  in  diameter.  Adult 
females  have  greatly  enlarged  ovaries  with  opaque  eggs, 
mostlv  larger  than  about  0.3  mm  in  diameter.  Subadult 
males  have  small  but  distinctly  recognizable  testes  with  cross 
striations  evident.  Although  the  testes  of  adult  males  usually 
were  larger  and  more  cylindrical  (less  flattened)  than  those 
of  subadults,  the  distinction  between  the  two  was  often 
subtle,  and  in  most  species  these  stages  were  determined,  in 
part.  In  comparing  their  standard  lengths  with  those  of 
subadult  and  adult  females,  which  are  much  easier  to  define. 
As  noted  in  the  species  accounts,  large  “subadults"  may 
actually  be  postspawning  adults  whose  gonads  are  undergo¬ 
ing  a  second  (or  third)  maturation. 


categories.  For  others,  detailed  analyses  could  be  done  only 
for  certain  categories  or  none. 


Stemoptyx  diaphana 


4  ABLE  5. — Rank  of  each  species  of  Sternoptvchidae  at  each  season.  Rank 


is  bused  upon  the  sum  of  day  or  night 
for  e;»<  h  of  the  stages. 

abundances. 

whichever 

is  greater. 

SPECIES 

WINTER 

SPRING 

SUMMER 

Sternoptyx  diaphana 

Argyrope 1  ecus  hemigymnus 

1 

2 

1 

2 

2 

1 

A.  aculeatus 

3 

3 

3 

Val enc i enne 1 lus  tr i punc tu 1 atus 

4 

u 

4 

Species  Accounts 


The  following  accounts  discuss,  where  possible,  develop¬ 
mental  stages,  reproductive  cycle,  seasonal  abundance,  sex 
ratios,  vertical  distribution,  patchiness,  and  night-to-day 
ratios  ol  the  seven  species  of  sternoptychids  taken  during 
the  studs .  For  the  abundant  or  common  species,  there  were 
enough  data  to  perform  detailed  analyses  for  most  or  all 


Sternoptyx  diaphana  is  broadly  distributed  in  the  Atlantic, 
Pacific,  and  Indian  oceans.  In  terms  of  the  Atlantic  faunal 
regions  proposed  by  Backus  et  al.  (1977),  the  species  is  most 
abundant  in  the  Gulf  of  Mexico,  the  North  Atlantic  sub¬ 
tropical,  and  the  Atlantic  tropical  regions,  but  scattered 
catches  have  also  been  made  in  the  North  Atlantic  temper¬ 
ate,  the  Mauritanian  Upwelling,  and  the  South  Atlantic 
subtropical  regions  (Baird,  1971). 

This  is  a  medium-size  sternoptychid,  ranging  from  5-36 
mm  SL.  in  the  Ocean  Acre  area,  although  specimens  as  large 
as  46  mm  have  been  reported  from  the  Gulf  of  Mexico 
(Schultz,  1961),  and  as  large  as  54  mm  from  the  Pacific 
(Haig,  1955).  ,S.  diaphana  was  the  most  abundant  sternop- 
tychid  in  the  Ocean  Acre  area  in  winter  and  late  spring  and 
second  in  abundance  in  late  summer  (Table  5).  A  total  of 
2728  specimens  was  captured  in  the  14  cruises;  1237  were 
taken  during  the  seasonally  paired  cruises,  including  613  in 
discrete-depth  samples,  with  541  of  these  from  noncrepus- 
cular  tows  (Table  4). 

Developmental  Stages. — Sex  and/or  developmental 
stage  were  determined  for  2702  specimens  of  S.  diaphana. 
Postlarvae  were  5-9  mm  (mean  =  6.4  mm),  and  juveniles 
7- 1 5  mm  ( mean  =  9.6  mm).  It  was  not  possible  to  determine 
sex  in  these  two  stages.  Subadult  females  were  10-32  mm 
(mean  =  16.6  mm);  adults  20-36  mm  (mean  =  26.5  mm). 
Males  were  difficult  to  stage  due  to  the  gradual  and  subtle 
changes  in  the  testes  with  maturation.  On  the  basis  of 
microscopic  examination  and  sizes  of  subadult  and  adult 
females,  an  arbitrary  demarcation  between  subadult  and 
adult  males  was  drawn  between  18  and  19  mm  SI..  On  this 
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SMITHSONIAN  CON TRIBl  I  IONS  K)  Z.OOICXiV 


Imms.  Mili.ululi  in. lies  ranged  from  I  1-18  mm  (mean  =  I  <».(> 
mm),  .uni  adults  Irom  19-32  mm  (mean  =  23.8  mm).  The 
largest  lemales  were  1-3  mm  longer  than  die  largest  males, 
However.  when  lengtli-lt  et|iieiH  ies  of  suhadulls  and  adults 
Irom  all  cruises  are  combined  for  each  sex,  the  mean  si/e  is 
the  same  tor  both  sexes  (21.1  mm),  and  the  median  si/e  of 
males  (22.0  mm)  is  greater  than  that  of  females  (20.0  mm). 
I’robabh  there  is  little  or  no  sexual  dimorphism  in  si/e. 

Rh*roih(1i\>  (yc.ik  and  Skasonai.  Abindanck. — 
Strrnoptw  diaphana  breeds  throughout  the  vear.  with  an 
extended  peak  in  spawning  Irom  June  through  November 
or  Dec  ember,  both  sexes  appear  to  have  a  one-vear  life 
c  \ (  le.  and  most  die  alter  spaw  ning.  The  June  to  December 
spawning  peak  is  indicated  bv  the  inc  rease  in  both  absolute 
and  relative  abundance'  of  adults  from  winter  to  late  sum¬ 
mer  and  bv  the  relative  abundance  of  posllarvae  in  late 
summer  and  winter  (Table  b).  The  presence  of  some  post- 
larvae-  and  gravid  adults  in  late  spring  confirms  that  some 
spawning  also  oc  curs  at  this  time. 

A  one-vear  life  c  vc  le  is  suggested  bv  the  seasonal  abun¬ 
dance  of  the  various  life  history  stages.  The  combined 
abundance  of  posllarvae,  juveniles,  subadults,  and  adults 
was  highest  in  winter,  intermediate  in  late  summer,  and 
lowest  in  late  spring  (  Table  ft).  In  late  summer  the  catch 
per  unit  effort  of  ripe  adults  was  at  its  highest  level,  and 
posllarvae  were  also  relatively  abundant,  both  are  indica¬ 
tions  of  heart  spawning  ac  tivity.  Juveniles  also  were  rela- 
tivelv  abundant.  These  were  only  slightly  longer  (about  3 
nun)  than  the  posllarvae  and  represent  growth  of  postlarvae 
that  were  spawned  during  the  summer  months.  The  per¬ 
centage  ol  subadults  was  at  its  lowest  level  in  late  summer, 
suggesting  a  maturation  of  most  subadults  into  the  adult 
stage. 

bv  winter,  the  catch  per  unit  effort  of  postlarvae  had 
increased  slighllv.  indicating  that  spawning  had  continued 
throughout  the-  tall.  Juveniles  were  very  abundant,  account¬ 
ing  lot  ov ei  hall  the  catch.  Since'  metamorphosis  in  the 
genus  Strnwptw  is  protrac  ted  (Ahlstrom,  1 971).  these  prob¬ 
able  represent  continued  growth  of  postlarvae  that  were 
produced  in  the  late  summer  and  early  fall  months.  Sub- 
adults  were  also  at  their  peak  yearly  abundance.  They  were 


I  aim  t  »i. —  Seasonal  abundance*  and  percent  of  total  abundance  (in  paren- 
(  hesesj  for  Sternopt\x  diaphana  (A  l)  =  adult;  JC  V  =  juvenile:  PI.  —  post  larva; 
SAD  =  Mibadult;  I  ( )  I '  =  total.  The  figure  lor  abundance  is  the  sum  of  the 
i  an  h  rates  for  all  50-m  intervals,  with  interpolation  for  unsampled  intervals, 
at  the  diel  period  showing  the  greatest  total  abundance). 


about  7  mm  longer  than  the  juveniles  and  probably  repre¬ 
sent  continued  growth  of  juveniles  that  were  present  during 
late  summer  and  earls  fall.  Adults,  on  the  other  hand,  were 
relatively  scarce  Irom  November  through  February  (cruise  s 
1 .  .">.  II,  13),  and  their  decline  bom  late  summer  is  an 
indic  ation  of  postspawning  mortality  Two  females  (2b  and 
32  mm)  taken  in  winter  were  staged  as  subadults  on  the 
basis  of  oval  v  appearance.  I  bese  were  well  into  the  si/e 
range  assoc  iated  with  adults  a  id  may  have  spawned  previ¬ 
ously  and  survived  to  approach  a  second  spawning. 

In  late  spring,  total  abundance  was  at  its  lowest  level. 
Postlarvae  were  at  their  lowest  yearly  abundance.  I  bis  was 
due  to  several  lac  tot  s,  inc  luding  a  decrease  in  spawning 
activity,  continued  loss  through  natural  mortality,  and 
growth  of  these  individuals  into  the  juvenile  stage.  Relative 
to  winter  c  an  lies,  t  lie  percentage  of  juveniles  had  decreased, 
while  the  percentage  of  subadults  bad  increased.  'This  trend 
is  also  apparent  in  data  from  March  (c  ruise  2)  and  April/ 
May  (cruise*  b).  I  bis  indic  ates  that  individuals  were  mov  ing 
from  the  juvenile  to  the  subadult  stage  through  continued 
growth.  The  percentage  of  adults  increased  from  winter  to 
hue  spring,  presumably  due  to  the  maturation  of  winter 
subadults. 

'The  one-vear  life  span  of  this  species  can  be  illustrated 
and  summarized  bv  following  the  development  of  a  partic¬ 
ular  cohort.  For  example,  postlarvae  produced  in  late  sum- 
i„cr  would  develop  into  Juveniles  by  the  ijte  fall  or  winter, 
and  these  in  turn  would  grow  into  subadults  bv  the  winter 
or  carlv  spring.  Development  would  then  continue  through 
the  spring  and  summer  months  until  maturity  was  reached 
the  following  late  summer  or  early  fall.  At  this  time  they 
would  spawn  and  subsequently  die.  Different  cohorts  of  fish 
would  follow  a  similar  developmental  schedule  except  that 
their  vear  of  life  would  begin  and  end  in  different  seasons. 

Skx  Ratios. — No  significant  difference  between  total 
numbers  of  males  and  females  was  indicated  in  any  of  the 
three  seasons  (  Table  7).  In  actual  numbers,  more  females 
than  males  were  taken  in  winter  (f>b:39)  and  more  males 
than  females  in  late  spring  (111:119)  and  late  summer 
(88:70).  Subadult  females  were  significant  Iv  more  numerous 

Tabi.e  7. — NuiuIkts  of  eac  h  sex  for  each  stage  of  V' ternoptyx  diaphana  (AD 
=  adult;  H  =  female:  \1  —  male;  SAD  =  subadult;  TOT  =  total  of  all  three 
stages;  asterisk  —  significant  differences  indicated  bv  Chi-square  test  (p  = 

.05)). 
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tli. m  sub.iduli  nulls  111  both  winter  .uni  late  summer,  and 
adult  males  signilic anth  outnumbered  adult  females  in  all 
seasons  Although  tins  reversal  in  sex  ratios  may  be  partly 
due  to  t  lie  some w  bat  arbitrary  delineation  between  subadull 
and  adult  males,  the  data  suggest  that  adult  males  outnum¬ 
ber  adult  females. 

Vt-Rtic  \t  Dim  Rim  tto\. —  The  major  c  one  entr.uion  of 
V  diaphana  is  bom  7  tit'-  1 000  m.  Of  the  ,71 1  disc  ret  e-depth 
none  l  epusc  ular  specimens  captured  din  ing  the  paired 
cruises.  117  were  caught  between  these  depths,  accounting 
tor  77' ,  ol  the  specimens.  Due  and  night  distributions  were 
similar  during  all  three  seasons,  indicating  that  this  species 
is  a  permanent,  nonmigrating  resident  of  these  depths  (Ta¬ 
ble  Si. 

In  out  sampling.  N.  duiphaim  has  been  captured  in  nets 
fished  Iron)  the  surface  to  3.300  m.  The  two  specimens 
captured  at  the  surface,  both  in  I  ite  spring,  were  adults  in 
poor  (  outfit ion.  indicating  that  lliev  ma\  have  been  de  id  or 
(King.  Beebe  (1926)  reported  taking  an  .S',  diaphana  at  the 
surfate  oil  Bermuda,  but  commented  that  it  was  in  verv 
poor  condition,  being  partiallv  eaten  bv  crabs.  Gunther 
1 1  SS7)  also  reported  the  capture  of  two  specimens  of  .S'. 
diaphana  at  the  surface  near  St.  Thomas.  Virgin  Islands, 
but  did  not  indicate  their  condition.  It  is  unlikely  that  ,S. 
diaphana  normalK  occurs  in  surface  waters.  Below  10(1(1  m 
there  were  1  0  (list  ret  (‘-depth  capture's.  These  probably  were 
not  the  result  of  contamination  from  previous  trawls,  since 
in  some  c  ases  the  prec  ceding  trawl  was  at  a  shallow  depth 
where  S.  diaphana  would  not  fie  expected.  These  captures 
probable  represent  some  scattering  of  the  species  toward 
depths  greater  than  1000  m.  Specimens  were  captured  in 
open  nets  fished  below  13.30  in.  but  these  probably  were 
taken  during  the  oblique  portion  of  the  tow  its  the  net 
passed  through  their  area  of  major  concentration. 

The  BO  specimens  taken  in  discrete-depth  samples  shal¬ 
lower  than  100  m  are  considered  contaminants  from  pre¬ 
vious  deeper  lows,  since  in  each  case  the  tow  capturing  the 
spec  inietis  was  immedialelv  prec  eded  bv  a  tow  to  the  depths 
where  . s.  diaphana  was  normally  taken  in  abundance.  These 
shallow  spec  linens  include  I  postlarva,  (i  juveniles,  8  sub- 
adults,  and  I  I  adults.  All  were  ill  samples  from  the  upper 
BOO  ui.  mostly  at  night  (27  specimens),  which  is  1 00-300  m 
shallower  than  the  next  shallowest  occurrence,  and  BOO- 
100  m  shallower  than  the  major  concentrations.  Most  (20 
specimens)  were  taken  in  kite  spring  (12)  or  kite  summer 
(I  I).  II  S.  diaphana  does  occur  in  shallow  water,  it  seems 
highly  probable  thill  such  occuri ences  involve  strays  or 
unsound  individuals. 

Depth-size  st  rat  ihc  a  lion  exists  in  this  species,  with  smaller 
indir  ic  lua  Is  generally found  shallower  than  large  ones  (Table 
8).  T rnm  100-700  m  8B  spec  miens  yvcrc  taken,  the  majority 
postkuv.ie  and  juy  cniles.  Post  larvae  were  found  primarily 
between  331  m  and  77>0  m  both  (lav  and  night  (  Table  8). 
In  winter,  when  postkirvac  were  most  abundant,  they 


formed  lilt-  major  por  on  of  the  calc  h  Irom  00  I  m  to  030 
m,  w  nil  a  lew  c  apt ures  is  deep  as  800  m.  In  kite  spring  and 
late  summer,  most  post  larvae  were  c  apt  ured  Irom  001-730 
m.  |uvenilcs  were  found  primarily  between  7 ( >  1  m  and  8.30 
m.  slightly  deeper  than  tile  postl.irvae  (  I  able  8).  In  winter, 
juvenile’s  were  very  abundant,  and  the  great  majority  were 
(aught  at  the  801-8.30  m  interval.  At  other  seasons  ol  the 
year  juveniles  were  c  aught  at  similar  depths.  Suhadults  and 
adults  ol  both  sexes  were  found  in  greatest  numbers  at  till 
seasons  between  801  m  and  030  ill  (  Table  8).  where  they 
constituted  the  largest  portion  ol  the  catch.  There  was  no 
apparent  stratification  of  these  two  stages. 

Tile  vertical  distribution  of  .S',  diaphana,  based  solely  on 
nondisc  rete  data,  was  desc  ribed  by  Baird  (1071)  as  being 
primarily  between  101  and  I  200  m.  with  the  major  colic  fil¬ 
tration  occurring  Irom  701-000  til.  Discrete-depth  data 
from  two  areas  of  the  eastern  Atlantic  indicate  a  depth 
range  of  331-1000  m  (lav  and  night  (Badcock,  1070).  and 
301-000  m  by  dav.  00 1  -000  in  at  night  (Badcoc  k  and 
Merrctt,  1976).  Thus  our  data  are  in  close  agreement  with 
the  previous  literal  tire. 

Patch  inkss. — Patchiness  of  distribution  does  not  appear 
to  characterize  .S',  diaphana.  Three  significant  CD's  were 
found.  In  winter,  c  lumping  was  indicated  at  630  m  during 
the  day  and  at  600  m  at  night,  at  which  depths  postlarvac 
were  taken  in  greatest  abundance.  In  late  spring,  there  was 
c  lumping  to  800  m  during  the  day.  involving  juveniles, 
suhadults,  and  adults  in  descending  order  of  abundance;  no 
c  lumping  at  night  was  indicated.  In  kite  summer,  there  was 
no  indication  ol  clumping.  These  data  suggest  that  occa¬ 
sional  aggregations  may  occur,  but  that  distributions  gen¬ 
erally  are  random.  Indications  of  clumping  at  the  surface 
and  at  130  m  at  night  in  kite  spring  were  disregarded, 
because  they  were  believed  to  be  based  on  either  contami¬ 
nants  or  dy  ing  specimens. 

Beebe  (19.34)  stated  that  ternoptychids  (not  necessarily 
Stri  nnptyx)  observed  from  the  bathysphere  usually  swam 
close  together  in  groups  of  four  or  five,  with  occasional 
schools  comprising  up  to  20  individuals.  If  such  schooling 
c  liarac  leri/os  Sternoptyx,  then  the  sc  hools  may  be  presumed 
to  be  randomly  distributed. 

Barham  (1970)  observed  that  other  stemopt vcliids  were 
sometimes  motionless  and  oriented  horizontally,  but  that 
they  went  into  a  rapid,  usually  downward  flight  as  the 
submersible  approac  hed.  This  suggests  that  larger  sternop- 
tve  bids  may  avoid  the  approac  hing  net.  so  that,  if  aggrega¬ 
tions  occ  ur,  they  are  not  adequately  sampled. 

\ic;hi:I).\v  Catch  Ratios. —  The  ratios  of  total  night 
today  disc  ret  e-depth  catch  rates  were  slightly  different  from 
1:1  in  eac  h  season  (  Table  9).  In  winter  and  late  spring, 
slightly  more  fish  pel  unit  effort  were  caught  during  the 
dav.  while  in  kite  summer  slightly  more  fish  per  unit  effort 
were  caught  at  night.  Tor  eac  h  life  history  stage,  however, 
there  were  considerable  differences.  Post  larvae  were  more 
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I  ABl.F  8 — Vertical  distribution  In  50-ni  intervals  of  Strrnoplyx  diaphana  (AI)  =  adult;  [I  V  =  juvenile:  \ 
=  number  of  specimens;  1*1.  =  post  larva;  SA  =  subadult;  SI.  =  standard  length  In  nun;  TOT  =  total;  X  = 
mean:  blank  spate  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  talt  lt:  asterisk  in  \  column  =  unsampled  interval  with  interpolated  catch;  depth  intervals  arc 
omitted  when  they  are  outside  of  the  main  range  and  no  specimens  were  caught). 


CATCH  RATE 


PL  JUV  SA  AO  TOT 


51-  100  <1  <1  I 

51-  20C  <1  <1  I 

31-250  <1  <1  * 

31-  C50  el  <1  A 

51-  500  el  <1  I 

31-  550 

51-  feoo 

31-  650  5  I  <1  6  18 

51-  700  2  3  <1  6  A 

31-  750  6  6  Ik 

51-  800  1 0  <  I  II  * 

31-  850  15  2  17  51 

31-900  8  <1  9  A 

31-  950  -  -  -  - 

51-1000  -  -  -  - 

31-1050 

51-1100  -  -  -  - 

31-1150  . 

51-1200  . 

DI-1250 

51-1300 

31-1350  . 

51-1 2.00  -  -  - 

31-1450  -  -  - 

51-1500  <1  <1  A 

31-1550  <1  <1  I 

TOTALS  8  55  3  0  59  87 


SURF 

51-  100 
101-  150 
151-  200  <1  <1 

251-  300  -  -  - 

301-  350 
401-  450  <1  el 
451-  500 

551-  600  5  <1 
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651-  700  <1  <1  <1 

701-  750  <1  1  I 
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751-  800  I  10  <1  el 
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1101-1150  -  -  -  - 

1151-1200  -  -  -  - 

1201-1250 
1251-1300 

1301-1350  -  -  -  - 

TOTALS  8  14  2 1  1  I 
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CATCH  RATE 
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Tabi  y  9. — Seasonal  night  to  ilav  catch  ratios  of Stemoptyx  diaphana  (AD  — 
adult:  jl  V  =  juvenile;  PI.  =  post  larva;  SAD  =  subadult;  TOT  =  total  of 
all  stages;  asterisk  =  no  catch  during  one  or  both  diel  periods). 


SEASON 

PL 

JUV 

SAD 

AD 

TOT 

WINTER 

1  .0:  1 

0.3:  1 

6.7:1 

ft 

0.9:  1 

LATE 

SPRING 

it 

1 .  I :  I 

0.5:1 

0.3:  1 

0.6:  1 

LATE 

SUMMER 

3.5:  1 

l  .0:  I 

1 .0:  1 

1  .it:  1 

1.3:1 

abundant  in  night  samples  in  late  summer,  slightly  more 
abundant  in  dav  samples  in  late  spring,  and  showed  equal 
abundanc  e  in  winter.  Juveniles  were  more  abundant  in  day 
samples  in  winter  and  in  night  samples  in  late  spring,  but 
had  a  1:1  ratio  in  late  summer.  Subadults  and  adults  re¬ 
vet  seel  the  juvenile  trends  in  winter  and  late  spring  but  also 
approached  a  1:1  ratio  in  late  summer. 

No  obvious  explanation  is  evocable  for  the  pattern  of 
ratios.  There  is  no  correlation  with  patchiness  (i.e.,  signifi¬ 
cant  CD's,  and  differential  diel  net  avoidance  seems  im¬ 
probable.  Either  sampling  was  inadequate  to  indicate 
nighudav  equality,  or  avoidance  behavior  changes  from 
season  to  season  and  according  to  life-history  stage. 

Stemoptyx  pseudobscura 

This  is  the  largest  member  of  the  genus,  often  exceeding 
55  mm  SI.  (Baird.  1971).  S.  pseudobscura  was  rare  in  the 
Ocean  Acre  area  and  was  completely  absent  from  discrete- 
depth  samples. 

Three  specimens  were  taken  in  open  nets,  all  in  late 
summer.  A  36  mm  male  was  taken  in  an  Engel  traw4  towed 
at  0-1025  m.  The  remaining  two  specimens  were  1KMT 
captures.  One,  a  14  mm  juvenile,  was  captured  in  a  tow 
from  0-1003  m,  while  the  other,  ajuvenile  16  mm  SL,  was 
taken  at  0- 1  435  in. 

Both  the  rarity  and  capture  depths  of  S.  pseudobscura  in 
out  stuck  area  agree  with  the  findings  of  Badcock  and  Baird 
(I OHO),  who  showed  that  this  species  is  uncommon  in  the 
western  North  Atlantic,  where  .S',  diaphana  is  abundant,  and 
that  .S',  pseudobscura  is  consistently  deeper  wherever  the  tw’o 
species  are  sympatric. 

Argyropelecus  hemigymnus 

Argyropelecus  hemigymnus  is  broadly  distributed  in  the 
Atlantic .  Pacific ,  and  Indian  oceans.  It  is  particularly  abun¬ 
dant  in  the  Gulf  of  Mexico,  the  eastern  and  western  North 
Atlantic  ,  and  the  Caribbean  Sea  (Baird,  1971).  This  distri¬ 
bution  corresponds  to  the  North  Atlantic  temperate.  North 
Atlantic  subtropical.  Culf  of  Mexico,  and  Atlantic  tropical 
faunal  regions  proposed  bv  Bac  kus  et  al.  (1977). 


This  is  a  medium-si/e  sternoptvehid.  ranging  from  6  to 
37  mm  SI.  in  the  Ocean  Acre  area.  Our  largest  spec  imens 
are  near  the  maximum  size  recorded  for  the  species,  which 
rarely  exceeds  3H  mm  (Baird,  1971).  A.  hemigymnus  was  the 
most  abundant  sternoptvehid  in  the  Ocean  Acre  area  in  late 
summer  and  was  second  in  abundance  in  winter  and  late 
spring  (  Table  5).  A  total  of  2870  specimens  was  captured 
in  the  14  cruises;  1428  were  taken  during  the  seasonally 
paired  cruises,  including  733  in  discrete-depth  samples,  with 
653  of  these  from  ncncrcpuscular  tows  (Table  4). 

DKVEt.oPMKNTAt.  Stages. — Sex  and/or  developmental 
stage  were  determined  for  2831  specimens  of  A.  hemigym¬ 
nus.  Postlarvae  were  6-9  mm  (mean  =  7.5  mm)  and  juve¬ 
niles  7-15  mm  (mean  =  10.0  mm).  It  was  not  possible  to 
determine  sex  in  these  two  stages.  Subadult  females  were 
10-29  mm  (mean  =  16.5  mm)  and  adults  21-33  mm  (mean 
=  26. 1  mm).  Males  were  difficult  to  stage  due  to  the  gradual 
and  subtle  changes  in  the  testes  with  maturation.  On  the 
basis  of  microscopic  examination  and  sizes  of  subadult  and 
adult  females,  an  arbitrary  demarcation  between  subadult 
and  adult  males  was  drawn  between  14  and  15  mm  SL.  On 
this  basis,  subadult  males  were  10-14  mm  (mean  =  13.0 
mm)  and  adults  15-25  mm  (mean  =  17.0  mm).  The  largest 
females  were  5-8  mm  longer  than  the  largest  males  in  the 
seasonally  paired  cruises.  In  addition,  mean  female  size  for 
the  paired  cruises  (21.3  mm)  was  about  5.6  mm  longer  than 
mean  male  size  for  these  cruises  (1 5.7  mm).  Thus  there  is  a 
sexual  dimorphism  in  size,  with  females  being  larger. 

Reproductive  Cycle  and  Seasonal  Abundance. — Ar¬ 
gyropelecus  hemigymnus  appears  to  breed  continuously 
throughout  the  year,  with  an  extended  peak  in  spawning 
from  April  through  September.  This  is  in  agreement  with 
Jespersen  (1915)  and  to  some  extent  with  Sanzo  (1931), 
who  stated  that  the  breeding  period  lasts  throughout  the 
year  in  the  Mediterranean.  Apparently  both  sexes  reach 
maturity  at  about  one  year  of  age,  with  most  adults  dying 
shortly  after  spawning.  In  our  collection,  several  females 
that  were  staged  as  subadults  due  to  the  condition  of  their 
ovaries  were  well  into  the  size  range  usually  associated  with 
adults.  These  specimens  may  have  spawned  previously  and 
were  approaching  a  second  spawning. 

The  onset  of  peak  spaw  ning  is  indicated  by  an  abundance 
of  ripe  adults  in  April  (cruise  6).  The  extended  nature  of 
this  peak  period  is  indicated  by  the  relative  abundance  of 
| >ost larvae,  juveniles,  and  small  subadults  in  late  summer 
(  Table  10).  Most  spawning  seems  to  be  completed  by  fall 
since  very  few  adults  were  taken  in  November  (cruise  I ) 
and  December  (cruise  5).  The  presence  of  some  adults  and 
small,  young  individuals  in  each  season  suggests  that  some 
spawning  occurs  year  round. 

In  I  ate  summer  all  life  history  stages  were  abundant 
(  Table  10).  Postlarvae  were  more  numerous  than  in  any 
other  season  of  the  year,  accounting  for  27. 1  '7<  of  the  catch. 
They  had  an  average  SI.  of  7.5  mm.  Although  their  age  at 
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Tabi  t  1 0. — Seasonal  abundance  and  percent  of  total  abundance  (in  paren¬ 
theses)  for  Argyropelecus  hemigymnus  (Al>  =  adult;  JL'V  =  juvenile;  PL.  = 
post  larva:  SAD  =  subadult;  LOT  =  total.  The  figure  for  abundance  is  the 
sum  of  the  catch  rates  for  all  50-in  intervals,  with  itileqxilatinn  for  unsam¬ 
pled  intervals,  at  the  diel  (X‘rtod  showing  the  greatest  total  abundance). 


SEASON 

PL 

JUV 

SAD 

AD 

TOT 

WINTER 

0.6  (  1.5) 

5-8(11..  2) 

26.7(65.6) 

7-7  08.9) 

60.8 

LATE 

SPRING 

1.5<  5-9 

16.5(55.7) 

3-5(11  -8) 

8.1  (27.6) 

29.6 

LATE 

SUMMER 

16. 1  n 

iq  1(32.11) 

I5.q(26.7) 

8.2  03.8) 

59.5 

this  time  is  difficult  to  estimate,  the  fact  that  members  of 
the  genus  Argyropelecus  undergo  a  protracted  metamorpho¬ 
sis  (Ahlstrom.  1974)  indicates  that  they  were  probably 
spawned  several  weeks  prior  to  rapture.  Juveniles,  too,  were 
more  abundant  in  late  summer  than  in  am  other  season. 
The\  were  onlv  slightly  larger  than  post  larvae,  averaging 
9.9  mm.  and  were  probably  about  6-8  weeks  old  at  time  of 
rapture.  Subadults  were  also  small,  averaging  13.6  mm. 
Presumably  these  individuals  were  spawned  sometime  in 
the  spring  and  would  have  matured  and  spawned  the  fol¬ 
lowing  spring.  The  abundance  of  small  individuals  in  late 
summer  clearly  indicates  that  spawning  activity  had  been 
heavy  in  the  previous  months,  and  the  presence  of  some 
adults  (I  4., S'7  of  the  catch)  indicates  that  some  spawning 
continues  into  the  fall.  The  scarcity  of  adults  in  November 
and  December  suggests  postspawning  mortality  of  most 
adults. 

Bv  winter  the  composition  of  the  catch  had  changed 
c  onsider ahlv.  Subadults  were  by  far  the  most  abundant  stage 
(  Table  10).  These  represent  growth  of  the  very  abundant 
late  summer  postlarvae  and  juveniles.  Presumably  they 
would  have  continued  to  develop  over  the  winter  and  early 
spring  and  probably  would  have  spawned  in  late  spring  or 
summer.  The  grc^mli  of  these  abundant  winter  subadults 
would  account  for  the  abundance  of  adults  seen  in  April 
(cruise  li).  During  winter,  post  larvae  and  juveniles  were  at 
their  lowest  seasonal  abundance  (Table  10).  Post  larvae  were 
especially  scarce,  accounting  for  onlv  I  .o'Z  of  the  catch,  but 
(heir  presence  indicates  that  some  spawning  occurs  in  die 
winter  months,  and  the  presence  of  juveniles  suggests  some 
late  fall-carlv  winter  spawning.  While  the  abundance  of 
adults  was  onlv  slightly  lower  than  in  other  seasons,  they 
were  relatively  small,  avt  iging  onlv  19.7  mm.  These  indi- 
v  iduals  probably  were  span  ned  in  the  preceeding  late  spring 
or  summer  and  would  have  reached  sexual  maturity  tile 
following  winter  or  spring. 

In  kite-  spring,  small  juveniles  predominated,  accounting 
for  55.7 of  the  catch  (Table  10).  Their  small  size  (mean 
10.0  mm)  indicates  that  they  were  spawned  six  to  eight 
weeks  prior  to  capture,  probably  at  the  beginning  of  the 
peak  spawning  season  in  late  April  or  early  May.  Post  larvae. 


onlv  slightly  smaller  than  the  juveniles,  probably  were 
spawned  several  weeks  prior  to  capture.  Subadults  were  at 
their  lowest  seasonal  abundance.  These  probably  represent 
continued  growth  of  w  inter  juveniles,  and  they  would  have 
matured  and  spawned  in  the  upcoming  late  summer 
months.  The  dec  line  in  subadults  from  w  inter  to  late  spring 
is  almost  certainly  due  to  development  of  winter  subadults 
into  late  spring  adults.  Following  this  logic,  a  high  abun¬ 
dance  of  late  spring  adults  would  be  expec  ted,  and  in  fact 
adults  accounted  for  27.4'4  of  the  c:”cli.  Catch  per  unit 
effort,  however,  was  not  greatly  different  than  in  other 
seasons.  This  is  probably  due  to  loss  of  adults  through 
post  spawning  mortality. 

Seasonal  changes  in  abundance  of"  the  different  life  his¬ 
tory  stages  indicate  a  one-vear  life  history  for  most  A. 
hemigymnus.  For  example,  postlarvae  spawned  in  late  sum¬ 
mer  would  reach  the  juvenile  stage  by  early  fall  and  the 
subadult  stage  In  the  winter  months.  These  would  continue 
to  develop  over  the  winter,  spring,  and  early  summer 
months,  reaching  sexual  maturity  and  spawning  in  late 
summer.  Most  individuals  would  then  die. 

Skx  Ratios. — No  significant  difference  between  total 
numbers  of  males  and  females  was  indicated  at  any  of  the 
three  seasons  (Table  11).  In  actual  numbers,  more  males 
than  females  were  captured  in  winter  (164:137)  and  late 
spring  (109:93),  and  more  females  than  males  in  late  sum¬ 
mer  (130:97).  Suhadult  females  were  significantly  more 
numerous  than  subadult  males  in  all  seasons,  and  adult 
males  significantly  outnumbered  adult  females  in  all  seasons. 
Although  these  data  indicate  that  sex  ratios  within  stages 
are  different,  they  must  be  viewed  with  caution,  due  to  the 
somewhat  arbitrary  delineation  between  subadult  and  adult 
males.  Furthermore,  all  subadult  Females  were  probably 
recognized  as  such,  while  some  subadult  males  may  have 
been  staged  as  juveniles  due  to  the  similarity  between  very 
small  testes  and  immature  gonads.  Probably  sex  ratios  are 
not  different  than  1:1. 

Vkrticai.  Distribution. — In  the  seasonally  paired 
cruises,  ,4.  hemigymnus  was  caught  from  <60- 1 550  m  during 
the  dav  and  from  <50-1250  in  at  night  (Table  12).  Of  the 

Table  1  1 . — Numbers  of  each  sex  for  each  stage  of  Argyropelecus  hemigymnus 
(AI)  =  adult;  F  =  female;  M  =  male;  SAI)  =  subadult;  TOT  =  total  of  all 
three  stages;  asterisk  =  significant  differences  indicated  by  Chi-square  test 

(p  =  or>». 


SAD 

AO 

TOT 

SEASON 

M  F 

m  F 

M  F 

WINTER 

81 

127 

83 

10* 

166 

137 

LATE 

SPRING 

29 

65* 

80 

28* 

109 

93 

LATE 

SUMMER 

36 

1 16* 

63 

16* 

97 

130 

Nl'MBKR  452 
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Tamm.  12.  —  Vertical  distribution  bv  50-ni  intervals  of  irgyropelecus  hemigymnus  (All  =  adult;  JL’V  = 
juvenile:  \  =  nutnber  of  specimens;  PL  =  postlarva;  SA  =  subadult;  SI.  =  standard  length  in  mm;  TOT  = 
total;  X  =  mean;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch,  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 


DEPTH 

(Ml 

WINTER 

LATE  SPRING 

LATE  SUMMER 

CATCH  RATE 

N 

SL 

CATCH  1 

RATE 

N 

SL 

CATCH  RATE 

N 

SL 

PL 

JUV 

SA 

AD 

TOT 

X 

RANGE 

PL 

JUV 

SA 

AO 

TOT 

X 

RANGE 

PL 

JUV 

SA 

AD 

TOT 

X 

RANGE 

OAY 

1-  50 

<1 

<1 

1 

20.0 

20 

201-  250 

<1 

<1 

A 

- 

- 

- 

- 

- 

1 

1 

2 

2 

10.5 

9-12 

251 “  300 

1 

1 

1 

1 1)  .0 

14 

301-  350 

<1 

<1 

1 

1  1 .0 

1 1 

<1 

<1 

1 

15.0 

15 

351-  400 

<1 

<1 

<1 

2 

5 

15.6 

6-22 

<1 

7 

<1 

9 

50 

9.8 

7-16 

bO 1  -  k50 

<1 

2 

3 

<1 

5 

A 

<1 

5 

<1 

<1 

6 

A 

1 

<1 

2 

6 

7-7 

6-10 

k5l-  500 

3 

14 

2 

18 

35 

14. 1 

9-21) 

3 

1 

A 

12 

11.3 

8-27 

13 

7 

4 

<1 

24 

121 

9-4 

6-16 

501-  550 

2 

2 

3 

A 

<1 

3 

3 

2 

8 

33 

14.2 

8-20 

551-  600 

2 

2 

6 

22.2 

18-26 

4 

7 

2 

13 

54 

14.1 

8-21 

601-  650 

<1 

<1 

<1 

2 

17.0 

17 

<1 

<1 

2 

3 

10 

22.8 

9-33 

<1 

<1 

2 

2 

7 

20.6 

6-29 

651-  700 

<1 

<1 

<1 

1 

A 

<1 

<1 

<1 

7 

17.7 

12-27 

<1 

<1 

<1 

<1 

1 

A 

701-  750 

<1 

<1 

1 

10.0 

10 

<1 

<1 

<1 

A 

<1 

<1 

1 

1  1  .0 

1 1 

751-  800 

<1 

<1 

A 

801-  850 

- 

- 

- 

- 

- 

<1 

<1 

1 

3 

22.7 

18-23 

851-  900 

- 

- 

- 

- 

- 

<1 

<1 

<) 

A 

901-  950 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

<1 

<1 

1 

10. 0 

10 

951-1000 

<1 

<1 

A 

<1 

<1 

A 

1001-1050 

<1 

l 

2 

13.0 

13 

- 

- 

- 

- 

- 

1051-1  IOC 

<1 

<1 

A 

- 

- 

- 

- 

- 

1 101-1150 

- 

- 

- 

- 

- 

1151-1200 

- 

- 

- 

- 

1201-1250 

<1 

<1 

1 

17.0 

17 

1251-1300 

<1 

<1 

A 

1301-1350 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1  351-11)00 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IkOI-lkSO 
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- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11)51-1500 

<1 

<1 

1 

A 

- 

- 

- 

- 

- 

1501-1550 

<1 

<1 

1 

4 

15.0 

15 

TOTALS 

<1 

6 

21 

5 

32 

51 

2 

17 

3 

8 

29 

87 

16 

16 

16 

8 

56  229 

NIGHT 

1-  50 

1 

, 

1 

1 1 .0 

1 1 

51-  100 

<1 

<1 

1 

13.0 

13 

101-  150 

<1 

<1 

<1 

2 

15.5 

11-20 

25 1-  300 

<J 

<) 

1 

A 

<1 

<1 

1 

7-0 

7 

301-  350 

1 

1 

2 

i) 

13. 1 

10-16 

3 

<1 

3 

A 

<1 

<1 

<1 

3 

8.3 

7-10 

351-  1)00 

<1 

<1 

<1 

l 

3 

10 

16.2 

6-24 

5 

<1 

6 

19 

10.6 

8-li) 

<1 

1 

1 

8.5 

7-10 

1)01-  1)50 

<1 

3 

1) 

1 

9 

28 

12.0 

6-22 

<1 

<1 

1 

2 

12.5 

7-18 

4 

3 

<1 

7 

21 

7.9 

6- 1 6 

1)51-  500 

<1 

1) 

<1 

5 

Ik 

16.1 

9-21) 

i) 

1 

i) 

10 

30 

15.2 

8-28 

2 

12 

1 

2 

17 

84 

10.2 

7-32 

501-  550 

<1 

3 

2 

5 

15 

16.2 

7-22 

<1 

<1 

2 

18.0 

13-23 

1 

5 

6 

6 

14.7 

10-20 

551-  600 

<1 

<1 

<1 

3 

19. 1 

12-21) 

<1 

2 

2 

A 

601-  650 

<1 

<1 

<1 

A 

3 

3 

3 

21-3 

17-27 

651-  700 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1 

<1 

2 

3 

12.7 

9-19 

701-  750 

<1 

<1 

A 

<1 

<1 

1 

2 

11-5 

9-14 

751-  800 

<1 

<1 

1 

29.0 

79 

801-  850 

<1 

<1 

<1 

A 

851-  900 

- 

- 

- 

- 

- 

<1 

<1 

1 

3 

13.3 

10-16 

301-  950 

3 

3 

A 

- 

- 

- 

- 

- 

<1 

<1 

l 

16.0 

16 

951-1000 

6 

6 

6 

16.0 

12-21 

<1 

<1 

<1 

2 

5 

14.0 

7-22 

1001-1050 

3 

<1 

3 

6 

15.8 

12-19 

- 

- 

- 

- 

- 

<1 

<1 

<1 

1 

A 

1051-1 100 

2 

<1 

2 

A 

- 

- 

- 

- 

- 

1 101- 1 150 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 
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- 

- 

- 

- 

- 

<1 

<1 

A 

- 

- 

- 

- 

- 

1201-1250 

- 

- 

- 

- 

- 

<) 

<1 

1 
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- 

- 

- 

- 

- 

<1 

<1 

A 
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5 

27 

8 

40 

83 

<1 

13 

A 

6 

24 

59 

8 

19 

8 

8 

44 
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367  discrete-depth.  noncrepuscular  specimens  captured 
during  the  dav.  3  2  2  (87.7r7 )  were  f  rom  35  1-600  m.  Of  the 
remaining  45,  ti  were  taken  shallower  than  350  m.  These 
included  I  late  summer  postlarva,  I  winter  juvenile.  3 
subadults  (I  in  each  season),  and  1  late  summer  adult. 
Probably  all  of  these  were  contaminants  from  previous  tows. 
Tweniv-eight  specimens  representing  all  life-history  stages 
anti  seasons  were  taken  from  60 1-750  m  during  the  day. 
These  captures  indicate  that  some  specimens  occupy  slightly 
greater  depths.  Below  750  in,  1  1  spec imens  were  captured. 
These  included  juveniles  (winter  and  late  summer),  sub¬ 
adults  (winter  and  late  summer),  and  adults  (all  three  sea¬ 
sons).  All  of  these  were  considered  contaminants,  since  in 
each  case  the  previous  tow  had  fished  at  the  preferred 
depths  of  .4.  hemigymnus. 

Of  the  278  discrete-depth  specimens  captured  at  night, 
232  <33. 550  were  caught  from  351-550  m  (Table  12). 
Twelve  of  the  remaining  46  specimens  were  taken  shallower 
than  350  nt.  Of  these,  4  were  shallower  than  150  m  and 
probably  represent  contaminants  from  previous  tows.  The 
remaining  8  specimens  came  front  depths  of  251-350  in, 
and  their  presence  indicates  some  upward  scattering  of  the 
species  to  slightly  shallower  depths.  Below  550  m,  34  spec¬ 
imens  were  captured.  Twenty-three  of  these  were  taken 
below  750  m  and  w  ere  probably  contaminants.  The  remain¬ 
ing  I  I  were  captured  from  551-750  m,  and  these  probably 
represent  a  scattering  of  individuals  to  slightly  greater 
depths. 

The  vertical  distribution  of  ,4.  hemigymnus  in  the  Ocean 
Acre  area  is  similar  to  that  in  other  localities.  Goodyear  et 
al.  ( 1072)  gave  the  daytime  depth  range  of  Mediterranean 
specimens  as  150-800  m,  with  [leak  concentrations  from 
300-500  m.  Nighttime  ranges  were  from  70-600  tit,  with 
peak  concentrations  from  235-600  nt.  Badcock  (1970) 
stated  that  near  the  Canary  Islands  the  species  is  concen¬ 
trated  at  450-650  m  during  the  day  and  300-450  nt  at 
night.  Baird  (1971),  reporting  on  a  variety  of  locations,  gave 
dav  time  depth  ranges  from  200-700  in,  with  peak  concen¬ 
trations  at  350-550  m.  Night  depth  range  was  given  as 
between  100  and  650  m,  with  the  peak  concentration  front 
150-380  m.  In  the  eastern  North  Atlantic,  Badcock  and 
Merrett  ( 1 976)  found  that  this  species  was  distributed  from 
300-600  m  during  the  day  and  from  200-600  m  at  night. 

Although  the  daytime  depth  distributions  of  all  life-his- 
torv  stages  overlap  broadly,  there  is  some  indication  of  stage 
stratification  during  the  day  in  this  species,  with  older  and 
larger  individuals  occurring  slightly  deeper.  .Similar  obser¬ 
vations  have  been  made  by  Jesperson  and  Taaning  (1926), 
Badcock  (1970),  Goodyear  et  al.  (1972),  and  Badcock  and 
Merreit  (1976).  There  is  also  an  indication  that  some  life- 
history  stages  are  found  deeper  in  late  summer  and  shal¬ 
lower  in  winter.  In  late  summer,  when  post  larvae  were  most 
abundant,  they  were  found  from  401-700  m,  but  wrere 
abundant  only  f  rom  451-500  m  (Table  12).  The  paucity  of 


post  larvae  taken  during  the  winter  and  late  spring  prevents 
accurate  descriptions  of  their  preferred  depths  during  these 
seasons,  but  they  were  generally  50-100  in  shallower  than 
in  late  summer.  Juveniles  occurred  over  a  w  ider  range  of 
depths  than  p< tst larvae  in  till  seasons,  and  the  depths  al 
which  they  were  abundant  were  generally  slightly  deeper. 
In  winter,  juveniles  were  found  from  301-500  ill  and  were 
abundant  at  401-500  m.  In  late  spring,  juveniles  were  quite 
abundant  from  351-550  m,  but  seemed  to  lx*  concentrated 
at  351-450  m.  These  depths  (351-450  m)  overlap  those  of 
postlarvae.  In  late  summer,  the  range  of  depths  inhabited 
by  juveniles  during  the  day  was  quite  wide  (401-700  til), 
but  juveniles  were  concentrated  from  451-600  m.  I  bis  is 
approximately  100-150  til  deeper  than  their  winter  distri¬ 
bution  and  50-100  m  deeper  than  their  late  spring  distri¬ 
bution.  Although  the  maximum  abundance  of  both  post¬ 
larvae  and  juveniles  occurred  at  451-500  m  in  late  summer, 
the  abundance  of  juveniles  and  the  scarcity  of  postlarvae 
from  501-600  m  indicates  that  juveniles  are  distributed 
.slightly  deeper  than  postlarvae.  Subadults  were  captured 
from  351-700  m  during  the  day  in  winter,  but  their  maxi¬ 
mum  abundance  was  at  451-500  m.  During  this  season 
subadults  and  juveniles  were  abundant  at  similar  depths. 
While  subadults  were  captured  from  301-750  m  in  late 
spring,  loo  few  specimens  were  taken  to  allow  speculation 
on  their  preferred  daytime  depths.  In  late  summer,  sub- 
adults  were  captured  from  451-750  m.  The  shallow  end  of 
this  range  is  about  100  in  deeper  than  the  range  of  other 
seasons,  indicating  that  subadults  occupy  deeper  depths 
during  late  summer.  This  is  further  substantiated  by  their 
relatively  deep  strata  of  maximum  abundance  (451-600  ill). 
Although  both  juveniles  and  subadults  were  abundant 
within  this  range,  the  maximum  catch  rate  for  subadults 
was  150-200  m  deeper  than  that  of  juveniles.  Adults  were 
captured  from  351-700  in  during  the  day  in  winter,  with 
the  maximum  rate  at  451-500  m.  Both  juveniles  and  sub¬ 
adults  were  also  abundant  at  this  depth.  In  late  spring  adults 
occupied  a  deeper  range  (401-750  m),  and  were  abundant 
from  501-650  m.  This  is  50-150  in  deeper  than  their 
preferred  winter  depths  and  deeper  than  the  preferred 
depths  of  the  other  life-history  stages  present  at  this  time. 
The  late  summer  depth  distribution  of  adults  was  similar  to 
that  of  late  spring.  Once  again  there  was  a  tendency  for 
adults  to  be  found  deeper  than  the  other  life-history  stages. 

Nighttime  depth  distributions  of  the  different  life-history 
stages  overlap  broadly  in  all  seasons  (  Table  12).  There  is  a 
tendency  for  all  life-history  stages,  with  the  possible  excep¬ 
tion  of  postlarvae,  to  be  found  deeper  in  late  summer,  and 
also  a  tendency  for  larger  individuals  to  be  found  deeper 
than  small  individuals.  Postlarvae  were  taken  from  35 1  — 
450  m  in  winter  and  from  401-450  m  in  late  spring. 
Although  they  were  found  slightly  deeper  in  late  summer 
(401-500  in),  their  maximum  catch  rate  was  at  401-450 
m.  Thus  it  appears  that  postlarvae  occupy  about  the  same 
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depths  veur-round.  Juveniles  ut  ic  taken  from  351-350  in 
in  winter,  with  the  maximum  t ate li  rate  at  401-150  m. 
Their  range  in  late'  spring  was  somew  hat  shallower  (301- 
500  in),  and  inelix ieluals  were  abundant  throughout  this 
range.  In  late  summer  juveniles  were  widely  distributed 
It  on;  351-000  in,  but  the  maximum  catch  rate  was  at  451  — 
500  nt.  1  his  was  50-  1 00  in  deeper  than  depths  of  maximum 
catch  rate  in  both  late  spring  and  winter.  Subadults  were 
taken  from  251-550  m  in  winter.  Within  this  range  they 
wete  abundant  fioin  401-550  hi.  A  slightly  deeper  range 
ol  depths  was  occupied  in  late  spring  (301-050  m),  but  the 
preterred  depths  (451-500  in)  were  similar  to  those  of 
winter.  In  late  summer  subadults  were  taken  from  451- 
1050  m.  This  range  was  deeper  than  in  other  seasons,  and 
the  depths  of  maximum  abundance  (501-550)  were  about 
50  m  deeper  as  well.  The  nighttime  depth  ranges  inhabited 
In  adults  in  winter  (251-550  in),  late  spring  (401-750  m), 
and  late  summer  (40 1  -700  in)  all  overlapped  broadly  (Table 
12).  Depths  of  maximum  abundance,  however,  changed 
seasonally.  In  winter,  adults  were  abundant  from  501-550 
in.  which  was  50-100  m  deeper  than  in  late  spring.  In  late 
summer,  adults  were  abundant  from  451-650  m,  which 
was  deeper  than  in  other  seasons. 

All  life-history  stages  of  A.  hemigymnus  appear  to  undergo 
slight  diel  vertical  migrations  (  Table  12).  In  late  summer, 
when  post  larvae  were  abundant,  the  range  of  depths  inhab¬ 
ited  In  this  stage  was  shallower  at  night.  This,  along  with 
the  observation  that  the  depth  of  maximum  abundance  was 
about  50  m  shallower  at  night,  strongly  indicates  that 
post  larvae  undergo  a  short  diel  vertical  migration.  Similar 
dav-nighi  differences  were  seen  among  juveniles.  In  each 
season  the  range  of  depths  inhabited  at  night  was  shallower 
than  the  davtime  range.  Furthermore,  the  depths  of  maxi¬ 
mum  abundance  were  50-100  m  shallower  at  night,  nicti¬ 
tating  a  diel  vertical  migration.  In  late  summer  and  winter 
when  subadults  were  abundant,  the  depths  of  maximum 
abundance  at  night  were  50-100  m  shallower  than  during 
the  dav.  These  day-night  differences  indicate  that  subadults 
undergo  a  diel  vertical  migration.  Among  adults,  the  range 
of  depths  inhabited  during  night  and  dav  did  not  change 
significantly  in  any  season.  Depths  of  maximum  abundance, 
however,  were  .50-150  ill  shallower  at  night  in  late  spring 
and  late  summer,  indicating  that  adults  undergo  a  diel 
vertical  migration  in  these  seasons.  This  pattern  was  not 
ev  ident  in  winter. 

I’a  ICHINKSS. — Argyropelecus  hemigymnus  appears  to  be  a 
paichilv  distributed  species  both  day  and  night.  Although 
these  pan  lies,  or  (  lumps,  typically  involve  more  than  one 
life-historv  stage,  one  stage  usually  dominates. 

At  night,  significant  ('.!)  values  were  seen  in  late  spring 
(351-  100  m)  and  in  late  summer  (401-450,  451-500  m). 
The  late  spring  (  lumping  was  dominated  by  juveniles,  but 
some  subadults  were  also  present.  In  late  summer  the  401- 
4.50  m  interval  was  dominated  by  postlarvae  and  juveniles 


but  contained  some  adults.  The  451-500  in  interval  at  this 
time  was  strongly  dominated  In  juveniles,  although  some 
members  ol  all  other  life-history  stages  were  present.  The 
nighttime  patchiness  is  w  ithin  the  preferred  nighttime  range 
of  depths. 

During  the  dav.  significant  CD  values  were  seen  in  late 
spring  (351-400  in),  late  summer  (451-500,  501-550, 
551-600  m),  and  winter  (351-400,  451-500  m).  The  late 
spring  depth  interval  contained  a  few  postlarvae  and  sub- 
adults  but  was  composed  primarily  of  juveniles.  In  late 
summer  there  was  a  correlation  between  the  depth  of  patch¬ 
iness  and  the  dominant  life-history  stage.  The  shallowest 
depth  interval  (451-500  m)  contained  mostly  post  larvae; 
the  next  deepest  interval  (501  -550  m)  was  composed  mainly 
of  both  juveniles  and  subadults,  while  the  deepest  interval 
(551-600  m)  was  dominated  In  subadults.  In  winter,  patch¬ 
iness  was  indicated  at  two  depths  during  the  day  (35  1  -400, 
451-500  in).  The  shallower  of  these  contained  all  life- 
historv  stages  except  juveniles.  The  deeper  contained  all 
life-historv  stages  except  post  larvae  and  was  strongly  domi¬ 
nated  In  subadults.  Each  of  the  daytime  intervals  was  within 
the  preferred  daytime  depth  distribution  of  this  species. 

While  adults  were  minor  contributors  to  several  of  the 
depths  where  patchiness  was  indicated,  none  of  these  depths 
were  dominated  by  adults.  This  may  indicate  that  adults  do 
not  aggregate  to  the  same  extent  as  younger  individuals. 
An  alternative  explanation  would  be  that  adults,  because  of 
their  larger  si/e,  are  better  able  to  avoid  the  approaching 
net. 

Nk;ht:Day  Catch  Ratios.- — The  ratios  of  total  night 
today  discrete-depth  catch  rates  were  slightly  different  from 
1:1  in  each  seas'on  (Table  13).  In  winter,  slightly  more  fish 
were  caught  per  unit  effort  at  night,  but  in  late  spring  and 
late  summer  this  trend  was  reversed.  The  greatest  differ¬ 
ences  in  catch  ratios  were  seen  among  postlarvae  in  late 
spring  and  late  summer,  when  day  catches  were  much 
higher.  This  apparent  difference  is  difficult  to  explain,  since 
in  postlarvae  no  diel  difference  in  patchiness  was  indicated. 
It  also  seems  improbable  that  net  avoidance,  if  it  occurs  at 
all  in  these  small  individuals,  would  change  from  day  to 
night.  Among  juveniles  the  nigheday  catch  ratios  were  not 
greatly  different.  This  was  also  the  case  with  subadults 
except  in  late  summer  when  nearly  twice  as  many  fish  per 


Tabic  13. — Seasonal  night  to  dav  catch  ratios  of  Argyropelecus  hemigymnus 
(At)  —  adult:  JUV  =  juvenile;  PI.  —  postlarva;  SAD  =  subadult;  TOT  — 
total  of  atl  stages). 


SEASON 

PL 

JUV 

SAD 

AD 

TOT 

WINTER 

1  .0:  1 

0.8:1 

1.3:  1 

1.6:  1 

1.2:1 

LATE 

SPRING 

0.3:1 

0.8:  1 

1.1:1 

0.8:  1 

0.8:  1 

LATE 

SUMMER 

0.5:  1 

1  .2:  1 

0.5:  1 

1 .0:  1 

0.8:  1 
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unit  cdort  were  taken  during  the  day.  This  discrepancy 
mav  he  due  to  patchiness,  since  subadults  appear  to  occur 
in  patches  during  the  day  but  not  at  night.  Among  adults, 
the  onl\  real  difference  in  catch  ratios  was  seen  in  winter, 
when  more  fish  per  unit  effort  were  taken  at  night.  Since 
adults  apparently  tire  not  patchily  distributed,  this  differ¬ 
ence  is  difficult  to  explain. 

Although  no  pattern  emerges  from  these  nighttday  ratios, 
Badcock  (1*170)  and  Badcock  and  Merrett  (1976)  have 
found  that  catc  h  rates  of  this  species  generally  were  lower 
at  night.  They  suggested  that  this  may  have  been  due  to 
increased  activity  at  night,  presumably  associated  with  feed¬ 
ing.  which  occurs  from  late  afternoon  through  early  night 
(Merrett  and  Roe,  1974). 

A  rgyropelecus  aculeatus 

Argyropelecus  aculeatus  is  broadly  distributed  in  the  Atlan¬ 
tic,  Pac  ific,  and  Indian  oceans.  It  is  particularly  abundant 
in  the  Caribbean  Sea,  the  Gulf  of  Mexico,  the  western  North 
Atlantic,  and  the  eastern  North  Atlantic  along  the  North 
African  coast  (Baird,  1971).  These  areas  of  abundance 
correspond  to  the  Gulf  of  Mexico,  North  Atlantic  subtrop¬ 
ical,  and  Mauritanian  L  pwelling  faunal  regions  proposed 
In  Bat  kus  et  al.  ( I  977). 

This  is  a  large  sternoptychid,  ranging  from  6-83  mm  SL 
in  the  Ocean  Acte  area.  Our  largest  specimens  are  among 
the  largest  recorded.  Argyropelecus  aculeatus  was  the  third 
most  abundant  sternoptychid  in  the  Ocean  Acre  area  in  all 
seasons  (  fable  a).  A  total  of  857  specimens  was  captured  in 
the  I  4  cruises;  420  were  taken  during  the  seasonally  paired 
c  ruises,  including  246  in  discrete-depth  samples,  with  207 
of  these  from  noncrepuscular  tows  (Table  4). 

Developmental  Stages. — Sex  and/or  developmental 
stage  were  determined  for  841  specimens  of  A,  aculeatus. 
Post  larvae  were  6-1  1  mm  (mean  =  7.5  nun)  and  juveniles 
7-21  tutu  (mean  =11.4  mm).  It  was  not  possible  to  deter¬ 
mine  sex  in  these  two  stages.  Subadult  females  were  14-43 
mm  (mean  =  20.5  mm)  and  adult  females  52-75  nun  (mean 
—  60. 1  mm).  As  with  other  sternoptychid  species,  males 
were  difficult  to  stage  due  to  gradual  and  subtle  changes  in 
the  testes  with  maturation.  On  the  basis  of  microscopic 
examination  and  sizes  of  subadult  and  adult  females,  an 
arbitrary  demarcation  between  subadult  and  adult  males 
was  made  between  35  and  36  min  SI..  On  this  basis,  subadult 
males  were  14-35  min  (mean  =  22.3  mm)  and  adults  from 
36-60  nun  (mean  =  48.7  mm).  Although  the  mean  length 
of  all  males  (torn  the  seasonally  paired  cruises  (30.5  mm) 
was  greater  than  the  mean  length  of  all  females  (25.1  mm), 
the  largest  females  were  about  20  mm  longer  than  the 
largest  males.  I  his  suggests  a  sexual  dimorphism,  with  some 
females  growing  to  a  larger  size. 

Reproductive  Cycle  and  Seasonal  Abundance. — 
The  reproductive  cycle  and  seasonal  abundance  of  sub¬ 


adults  and  adults  were  difficult  to  estimate  due  to  the  few 
large  specimens  taken  with  the  IKMT.  On  two  late  summer 
cruises  (7  and  1 2),  much  larger  Engel  trawls  were  employed. 
While  these  nets  effectively  sampled  larger  specimens,  the 
seasonal  coverage  was  limited.  Despite  this  limitation,  a 
proposed  reproductive  cycle  can  be  formulated  based  upon 
the  seasonal  abundance  of  the  early  life-history  stages. 

The  presence  of  some  post  larvae  and  ripe  adults  in  all 
seasons  (  Table  I  4)  indicates  that  A.  aculeatus  breeds  contin¬ 
uously  throughout  the  year.  An  extended  peak  in  spawning 
from  June  or  July  through  late  fall  is  indicated  by  the 
relative  abundance  of  small  individuals  in  late  summer  and 
winter.  'This  species  has  at  least  a  two-year  life  cycle,  reach¬ 
ing  approximately  20-40  nun  SI.  at  the  end  of  the  first 
year.  At  this  time  a  small  portion  of  the  year  class  mav 
become  sexually  mature.  This  is  indicated  by  a  34  mm 
female  that  was  in  breeding  condition  in  August.  The 
majority  of  specimens,  however,  probably  do  not  reach 
sexual  maturity  until  the  end  of  their  second  year,  when 
most  spawn  and  die.  Based  on  IKMT  data,  overall  abun¬ 
dance  was  highest  in  winter,  intermediate  in  late  summer, 
and  lowest  in  late  spring  (  Table  14). 

In  late  summer  postlarvae  accounted  for  34%  of  the  catch 
and  juveniles  for  47%.  The  small  size  of  these  individuals 
(mean  length  less  than  1  1  mm)  indicates  that  they  were 
spawned  over  the  summer  months.  The  relative  abundance 
of  these  small  individuals  (Table  14),  particularly  postlarvae, 
clearly  indicates  that  spawning  is  heavy  at  this  time.  Sub¬ 
adults  were  also  relatively  abundant,  accounting  for  12%  of 
the  IKMT  catch  and  17%  of  the  F.MT  catch.  In  the  IKMT 
samples  subadults  averaged  22.4  mm,  while  in  the  EMT 
samples  the  average  length  was  39  mm.  In  the  EMT  sam¬ 
ples,  7  females  (57-71  mm)  were  classified  as  subadults 
based  on  the  condition  of  their  ovaries.  Their  relatively 
large  size,  however,  suggests  that  these  were  actually  adults 
in  postspawning  condition  that  were  approaching  a  second 
spawning.  It  is  postulated  that  subadults  captured  in  late 
summer  were  about  one  year  old,  having  been  spawned  the 
preceeding  summer  or  fall.  Presumably  these  would  consti¬ 
tute  the  major  portion  of  the  breeding  population  the 
following  year.  Adults  accounted  for  7%  of  the  IKMT  catch 

Table  14. — Seasonal  abundance  and  percent  of  total  abundance  (in  paren¬ 
theses)  for  Argyropelecus  aculeatus  (AL)  =  adult;  JUV  =  juvenile;  PL.  = 
postlarva;  SAL)  =  subadult;  TOT  =  total.  The  figure  for  abundance  is  the 
sum  of  the  catch  rates  for  all  50-ni  intervals,  with  interpolation  for  unsam¬ 
pled  intervals,  at  the  diel  period  showing  the  greatest  total  abundance). 


SEASON 

PL 

JUV 

SAD 

AD 

TOT 

WINTER 

0.6 (  3-0) 

16.5(81.3) 

1 .0  (  4.9) 

2.2(10.8 

20.3 

LATE 

SPRING 

0.5 (  4.6) 

8.2(75.2) 

2.1  (19-3) 

0.1 (  0.9) 

10.9 

LATE 

SUMMER 

6. 1  (33-7) 

8.2 (47.0) 

2.2(12.2) 

1 -3 (  7-2) 

18.1 

i 
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anil  71' r  ol  llu-  KM  1  catch  in  laic*  summer.  Mean  lengths 
using  these  tun  tvpes  ol  gear  were  39.3  and  56.0  mm, 
respei  Inch  I  lie  relative  abundance  of  ripe  adults  captured 
at  this  time  indicates  that  spawning  is  lieavv  and  that  it  will 
probable  i  ontinuc  tor  some  period  of  time. 

In  winter,  seasonal  abundance  reached  its  highest  level 
(Table  14).  I  he  great  majority  of  specimens  at  this  time 
were  juveniles  (81  (i).  with  a  mean  length  of  10.9  mm.  The 
abundance  of  these  small  individuals  is  a  clear  indication 
that  spawning  had  been  lieavv  during  the  preceding  fall 
months.  Snhadults  were  at  their  lowest  seasonal  abundance, 
accounting  for  onh  3'<  of  the  catch.  Based  on  IkMT 
catches,  adults  were  at  their  peak  seasonal  abundance.  I  heir 
presence,  along  with  some  postlarvae  (Table  14),  indicates 
that  some  spawning  is  occurring  at  this  time. 

Seasonal  abundanc  e  was  lowest  in  late  spring  ('Table  14). 
At  this  time  the  catch  was  dominated  bv  juveniles  (73',?) 
and  subadults  (I9'c).  but  the  presence  of  some  postlarvae 
and  adults  indicates  that  some  spawning  was  occurring.  The 
juveniles  averaged  12.3  mm  and  probably  were  produced 
during  the  late  fall  or  winter  months  near  the  end  of  the 
extended  peak  spawning  season.  Subadults  averaged  22.2 
mm.  These  probably  were  spawned  the  preceding  summer, 
and  would  have  matured  the  following  year. 

To  summari/e.  the  life -h'stoi  v  of  1.  aculeatus  appears  to 
last  for  about  two  veins.  The  majority  of  adults,  which  tire 
probable  two  years  old.  spawn  in  the  summer  or  fall  months, 
following  spawning  most  of  these  individuals  die,  but  some 
m.n  live  to  spawn  a  second  lime.  I’osllarvac  produced 
during  these  months  develop  into  juveniles  In  the  following 
winter,  and  into  subadults  bv  the  following  late  summer  or 
fall.  At  this  time  some  may  reproduce,  but  most  spend  a 
second  year  its  subadults,  maturing  to  adults  and  spawning 
near  the  end  of  their  second  year. 

Six  Ratios. —  No  significant  difference  between  total 
numbers  of  males  and  females  was  indicated  at  any  of  the 
three  seasons  (  Table  13).  In  actual  numbers,  more  males 
than  females  were  captured  in  winter  (14:3)  and  kite  spring 
(34:27).  and  more  females  than  males  in  late  summer 
(20: 1 0).  The  only  significant  dif  ference  in  sex  ratio  was  seen 

I  ABIT  13.  —  Numbers  of  each  sex  for  each  stage  of  Argyropelecus  aculeatus 
(A!)  =  adult:  F  =  female;  M  =  male;  SAD  =  subadult ;  TOT  =  total  of  all 
three  stages;  asterisk  —  significant  differences  indicated  by  Chi-square  test 
<l>  =  .05)). 
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among  late  summer  subadults,  where  females  outnumbered 
males  17  to  4.  Because  of  the  small  number  of  specimens 
considered  here,  little  credence  is  given  to  this  significant 
difference;  sex  ratios  probably  are  not  different  than  1:1. 

Ykrticai.  Distribution. —  In  the  seasonally  paired 
c  ruises.  .4.  aculeatus  was  caught  from  <30-1  100  m  during 
the  day  and  from  31-1230  m  at  night  (  Table  16).  Of  the 
92  discrete-depth  specimens  captured  during  the  clay  in 
these  cruises,  79  (IS 6 ft )  were  caught  from  301-300  m.  Of 
the  remaining  13.  only  one,  a  w  inter  juvenile,  was  taken 
shallower  than  301  m.  This  specimen  is  considered  a  con¬ 
taminant  from  the  previous  tow.  Ten  of  the  remaining  12 
specimens  were  taken  from  301-830  m.  These  included 
late  spring  juveniles  and  snhadults  and  late  summer  post- 
larvae.  juveniles,  subadults,  and  adults.  These  are  thought 
to  represent  some  scattering  of  the  species  toward  greater 
depths.  Two  specimens,  a  juvenile  and  an  adult,  were  caught 
at  1001-1030  m  in  winter.  These  were  considered  contam¬ 
inants,  since  in  each  case  the  previous  tow  had  fished  at  the 
preferred  depths  of  A.  aculeatus. 

Of  the  1  13  discrete-depth  spec  imens  captured  at  night, 
103  (91V)  were  caught  from  201-300  in  (Table  16).  Nine 
of  the  remaining  10  specimens  were  taken  shallower  than 
200  in.  These  specimens,  which  included  winter  juveniles 
and  snhadults  and  a  late  summer  adult,  may  represent  some 
upward  st raving  of  A.  aculeatus  at  night.  The  remaining 
individual,  a  late  spring  juvenile  taken  at  1201-1230  m,  is 
certainly  a  contaminant. 

The  vertical  distribution  of  A.  aculeatus  in  the  Ocean 
Acre  area  is  similar  to  other  localities.  Badcock  (1970) 
indicates  that  near  the  Canary  Islands  the  species  is  concen¬ 
trated  from  410-430  m  during  the  day  and  350-410  m  at 
night.  Baird  (1971),  reporting  on  a  variety  of  locations, 
states  that  daytime  depths  are  from  200-550  m  with  a 
concentration  from  350-450  in,  and  that  the  species  is 
concentrated  from  80-200  m  at  night.  Similarly,  Badcock 
and  Merrett  (1976),  working  in  the  eastern  North  Atlantic, 
found  that  daytime  depths  were  300-500  in,  and  that 
nighttime  depths  were  100-500  m,  with  peak  concentra¬ 
tions  at  200-300  in. 

Since  all  life-history  stages  occupy  the  same  range  of 
daytime  depths  in  all  seasons  (Table  16),  no  daytime  stage 
si  ratification  is  indicated.  In  kite  summer,  when  postlarvae 
were  most  abundant,  they  were  found  from  301-700  m, 
hut  were  concentrated  from  351-500  m.  'The  few  post¬ 
larvae  caught  during  the  day  in  winter  and  kite  spring  were 
taken  within  the  same  depth  range.  In  winter,  when  juve¬ 
niles  were  most  abundant,  they  were  found  from  301-450 
m  and  were  relatively  abundant  from  301-400  m.  Although 
the  range  of  daytime  depths  occupied  bv  juveniles  was 
broader  in  kite  spring  (30 1  -700  ill)  and  late  summer  (30 1  - 
850  m),  the  depths  of  abundance  were  similar  to  those  of 
winter.  The  lew  snhadults  caught  during  the  day  were  taken 
from  351-450  m  in  winter,  401-700  m  in  kuc-  spring,  and 
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Table  lb. — Venn-.  -  istribuiion  by  50-in  intervals  of  Argyropelecus  aculeatus  (AD  =  adult;  JUV  =  juvenile; 
N  =  number  of  specimens;  PL  =  postlarva;  SA  =  subadult;  SL  —  standard  length  in  mm;  TOT  =  total;  X 
=  mean;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 
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4.5  I  -700  in  in  laic  summer.  Too  few  specimens  were  taken 
to  uc<  urately  describe  their  preferred  depths.  This  is  also 
true  of  adults,  which  ranged  from  351  -450  m  in  both  winter 
and  late  spring,  and  from  351-700  m  in  late  summer. 
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Although  the  nighttime  depth  distributions  of  the  differ¬ 
ent  life-history  stages  overlap  broadly  in  all  seasons,  there 
is  an  indication  of  some  stage  stratification,  with  older  and 
larger  indiv  iduals  occurring  slightly  shallower.  Late  summer 
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|M>sl  larvae  wnc  found  from  501-500  ill  at  night,  with  most 
from  551-400  in.  The  few  caught  in  winter  were  taken 
from  551-400  m.  Juveniles  tended  to  occupy  a  shallower 
nighttime  range  of  depths.  In  winter  they  ranged  from 
151-500  m.  were  very  abundant  from  501-550  m,  and 
were  quite  abundant  f  rom  251-500  in.  In  late  spring  juve¬ 
niles  were  captured  from  251-500  in  and  were  abundant 
from  251-400  m.  A  somewhat  shallower  range  (201-500 
m)  was  occupied  in  late  summer,  with  the  greatest  catch  per 
unit  effort  from  501-450  m.  Subadults  ranged  from  251  — 
550  m  in  kite  spring  and  from  201-350  in  in  late  summer. 
In  each  of  these  seasons  they  were  most  abundant  at  25 1  — 
500  in.  In  winter,  subadults  were  captured  from  151-200 
in  at  night.  Nighttime  captures  of  adults  occurred  only  in 
late  summer  and  winter.  In  late  summer  a  single  adult  was 
taken  from  51-100  in.  while  others  were  taken  from  251- 
350  m.  In  winter,  the  range  of  depths  for  adults  was  251- 
400  in.  with  most  caught  from  301-350  m. 

All  life-historv  stages  of  A.  aculeatus  appear  to  undergo  a 
diel  vertical  migration  (  Table  16).  In  late  summer,  post¬ 
larvae  occupied  a  wide  range  of  depths  during  the  day 
(301-700  m).  The  nighttime  narrowing  of  this  range  to 
.301-500  m  indicates  that  at  least  some  postlarvae  migrate 
upward  at  night.  A  similar  situation  is  seen  among  juveniles 
in  which  the  nighttime  range  of  depths  is  typically  50-100 
m  shallower  than  the  daytime  range.  Athough  the  depths 
of  maximum  abundance  were  similar  from  day  to  night  in 
each  season,  shallower  strata,  which  contained  few  or  no 
juveniles  during  the  day,  had  an  abundance  of  juveniles  at 
night.  In  winter,  for  example,  juveniles  were  absent  from 
25  I  -300  m  during  the  day,  but  were  abundant  at  this  depth 
at  night.  Similar  diel  changes  in  other  seasons  (Table  16) 
indicate  that  juveniles  migrate  upward  50-100  m  at  night. 
The  daytime  depth  range  of  subadults  (approximately  351- 
700  m)  is  considerably  compressed  and  shallower  at  night. 
In  w  inter,  they  were  found  from  151-200  m  at  night,  while 
in  late  spring  and  late  summer  they  occupied  depths  from 
251-300  in.  It  is  apparent  then,  that  subadults  migrate 
upward  at  night,  perhaps  as  much  as  200-400  m.  The  same 
compi  ession  of  depth  range  and  shallower  nighttime  distri¬ 
bution  is  seen  in  adults.  The  paucity  of  specimens  prohibits 
an  accurate  estimate  of  the  magnitude  of  upward  migration, 
but  it  is  probably  about  100  m,  which  is  a  shorter  migration 
than  that  of  the  subadults. 

Pa  rcffiNtvXs. —  There  is  some  indication  that  small  speci¬ 
mens  of  .4.  aculeatus  may  be  patchily  distributed  during  the 
dav.  Two  significant  daytime  Cl)  values  were  found;  one  in 
w  inter  at  301-350  m  and  one  in  late  summer  at  351-400 
m.  The  winter  depth  interval  was  composed  entirely  of 
juveniles,  ranging  in  length  from  7-15  mm  SI..  The  late 
summer  interval  contained  one  adult  (74  mm  SL),  but  was 
heav  ily  dominated  In  post  larvae  and  juveniles  7-13  mm  SL. 
Kadi  of  these  intervals  was  within  the  preferred  daytime 
depth  distribution  of  this  species.  No  patchiness  was  iticli- 
cated  at  night. 


Tabi.F.  17. — Seasonal  night  to  day  catch  ratios  o (Argyropelecus  aculeatus 
(Al)  =  adult;  Jl’  V  =  juvenile;  PL  =  post  larva;  SAD  =  subadult;  LOT  = 
total  of  all  stages;  *  =  no  catch  during  one  or  both  diel  periods). 
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Night: Day  Catch  Ratios. — The  ratio  of  total  night  to 
dav  catch  rates  was  different  from  1:1  in  each  season  (Table 
17),  with  slightly  more  fish  per  unit  effort  being  caught  at 
night.  This  trend  was  reversed  only  in  postlarvae  caught  in 
late  summer,  where  the  daytime  catch  rate  exceeded  the 
nighttime  rate.  This  may  have  been  due  to  these  small 
individuals  aggregating  during  the  day.  In  all  other  life- 
historv  stages  the  nighttime  catch  rates  equaled  or  exceeded 
the  daytime  catch  rates  in  all  seasons.  The  greatest  differ¬ 
ences  were  seen  among  late  summer  subadults  and  among 
winter  and  late  summer  adults.  Since  no  clumping  w’as 
indicated  at  night,  these  observed  differences  probably  were 
due  to  increased  net  avoidance  during  the  day.  The  larger 
differences  in  catch  ratios  among  these  larger  individuals 
suggests  that  net  avoidance  may  be  enhanced  with  increased 
size. 


Argyropelecus  affinis 

One  specimen  of  Argyropelecus  affinis  was  captured  in  the 
Ocean  Acre  program.  This  was  a  33  mm  male  captured  in 
late  summer  in  an  Kngel  trawl  towed  at  0-1025  m.  Since 
this  net  had  no  closing  device,  it  is  impossible  to  tell  at  what 
depth  the  capture  was  made.  According  to  Baird  (1971) 
this  species  is  taken  abundantly  in  the  Gulf  of  Guinea,  off 
Chile,  off  California,  and  in  the  northern  Indian  Ocean. 
Moderate  catches  are  recorded  from  the  Gulf  of  Mexico 
and  off  the  coast  of  Venezuela  in  the  Caribbean.  Small 
catches  have  been  recorded  off  the  southeast  coast  of  the 
United  States.  Our  single  specimen  indicates  its  rarity  in 
our  collecting  area,  and  probably  it  is  a  stray  from  more 
southern  waters. 

Valencienttellus  tripunctulatus 

Yalenciennellus  tripunctulatus  is  known  from  the  Atlantic, 
Pacific,  and  Indian  oceans  and  the  Mediterranean  Sea 
(Grey,  1964).  It  is  one  of  seven  mesopelagic  fishes  charac¬ 
terized  as  widespread  in  the  Atlantic  (Backus  et  al.,  1970), 
where  it  occurs  in  all  of  the  zoogeographic  regions  defined 
by  Backus  et  al.  (1977). 

A  medium-size  sternoptychid,  V’.  tripunctulatus  reaches 
30  mm  SI.  in  our  collections.  This  appears  to  be  the  maxi¬ 
mum  size  in  most  areas,  although  Hopkins  and  Baird  (1981) 
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took  specimens  up  to  35  mm  in  t lie  ('.nil  of  Mexico,  and 
l  ore  bin  (I960)  described  a  specimen  70-75  mm  total 
length  Itoiii  the  Mediterranean.  The  species  was  uncommon 
in  tlie  snide  area,  ranking  lourth  in  abundance  among 
stet  uoptvc  bids  in  all  seasons  (  Table  5).  Of  the  380  specimens 
captured.  250  were  taken  during  the  seasonally  paired 
cruises,  including  108  in  discrete-depth  samples,  with  78  of 
these  from  hoik  repose  ular  tows  (  Table  4). 

Dev  Kl.oi’ML.N  I  At  S  tacks. — .Sex  and/or  stage  w  ere  deter- 
mineci  for  80b  specimens.  Post  larvae  were  10-14  mm, 
juveniles  18-18  mm,  subadult  males  15-26  mm,  subadult 
females  16-26  mm.  adult  males  19-28  mm.  and  adult 
females  20-80  mm  SI..  Despite  the  broad  overlap  in  size 
Tanges  between  sexes,  mean  standard  lengths  are  signifi¬ 
cantly  greater  (p  =  <0.01)  in  females  than  in  males,  both 
among  subadults  (22.fi  mm  vs.  19.6  mm)  and  adults  (24.6 
mm  vs.  22.1  mm).  Subadult  females  have  eggs  mostly  0.1 
mm  in  diameter,  with  a  few  huger  eggs,  0.2-0. 9  mm. 
scattered  throughout.  In  adults,  almost  the  entire  surface 
ol  the  ovarv  is  covered  with  eggs  0.4-0. 7  nun.  In  most 
subadult  males,  one  testis  (usually  the  left)  is  longer  and 
thicker  than  the  other;  in  adults,  the  testes  are  equal  in 
length  and  diameter. 

Reproductive  Cygi.e  and  Seasonal  Abundance.. — Val- 
enciennellus  tripunctulatus  appears  to  spawn  in  all  seasons, 
w  it li  no  spawning  peak(s)  evident.  Individuals  of  both  sexes 
probably  spawn  at  least  two  or  three  times  and  live  about 
one  year. 

Only  two  jro.st larvae  (in  winter)  and  no  juveniles  were 
taken  in  nonet  epuscular  discrete  depth  tows  (  Table  18). 
The  total  number  of  post  larvae  (17)  and  juveniles  (12) 
captured  during  cruises  1-14  represent  only  5.6(7  and 
3.9').  respectively,  of  all  specimens.  Hopkins  and  Baird 
(1981)  also  noted  the  paucity  of  small  specimens  in  their 
samples  from  the  Cult  Of  Mexico:  thus,  it  appears  that  these 
diminutive  stages  are  inadequately  sampled  bv  midwater 
trawling  gear.  The  scarcity  of  juveniles  also  may  be  ex¬ 
plained  bv  the  protrac  ted  metamorphosis  of  V.  tripunctula¬ 
tus  (Ahlstrom.  1974;  Badcock,  1977),  which  results  in  a 
relatively  lengthy  postlarval  but  short  juvenile  stage. 

Our  post  larvae  were  taken  f  rom  February  through  Sep¬ 
tember.  with  most  captures  (9)  in  July.  Adults  were  taken 

I  abu-  18. — Seasonal  abundance  and  percent  of  total  abundanc  e  (in  paren¬ 
theses)  lor  YnhnnenneUus  tripunctulatus  (AI)  =  adult;  Jl  V  =  juvenile;  Pi. 
=  post  larva:  SAD  =  subadulc  TOT  =  total.  The  figure  for  abundance  is 
the  sum  of  the  catch  rates  tor  all  50-m  intervals,  with  interpolation  for 
unsampled  intervals,  at  the  diel  period  showing  the  greatest  total  abun¬ 
dant  e). 
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from  January  through  November,  and  were  represented  bv 
10-19  specimens  on  eac  h  cruise  made  between  mid-March 
and  early  September.  The  widespread  occurrence  of  these 
two  life  history  stages  indicates  that  spawning  occurs  in  all 
seasons,  and  the  relatively  constant  abundance  of  adults 
(  Table  18)  suggests  little  or  no  seasonal  variation  in  spawn¬ 
ing  intensity. 

Subadults  were  the  most  abundant  stage  in  all  seasons 
(  Table  18).  Their  very  wide  size  ranges  and  the  broad 
overlap  with  adults  (Figure  4)  clearly  indicate  that  T.  tri- 
punctulatus  is  a  repeat  spawner.  Since  very  few  adults  ex¬ 
ceeded  the  maximum  sizes  of  subadults,  the  larger  "sub- 
adults"  actually  were  postspawning  adults  approaching  a 
second  (or  third)  sexual  maturation.  Furthermore,  there  is 
no  real  indication  of  seasonal  size  variation.  In  late  spring 
and  late  summer,  when  specimens  were  most  numerous, 
suhadult  males  were  17-25  mm  and  15-26  mm,  respec¬ 
tively,  with  mean  SI.’s  of  19.9  mm  and  19.4  mm.  Similarly, 
subadult  females  were  18-26  mm  in  late  spring  and  16-26 
nun  in  late  summer,  with  mean  Sl.'s  of  22.4  mm  and  22.3 
mm,  respectively.  In  view  of  its  small  maximum  length,  V'. 
tripunctulatus  probably  lives  only  about  one  year.  We  sus¬ 
pect  that  sexual  maturity  is  attained  6-9  months  after 
hatching,  and  that  individuals  spawn  at  least  two  or  three 
times. 

In  the  Central  Pacific  near  Hawaii,  where  it  is  one  of  the 
more  abundant  stomioids,  V'.  tripunctulatus  also  spawns  year- 
round  (Clarke,  1974).  Clarke  indicated  that  mature  females 
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FjcrRE  4. — Size-frequency  distribution  of. subadult  and  adult  Valenriennel- 
lus  tripunctulatus  from  cruises  1  —  14  (X  —  mean  standard  length  plus  or 
minus  standard  deviation;  N  =  number  of  specimens). 
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were  abundant  in  all  seasons  and  noted  that  there  were  no 
seasonal  trends  in  si/e  composition  among  his  (iOO  speci¬ 
mens.  Hopkins  and  Baird  (1981)  also  noted  little  seasonal 
si/e  variation  in  collections  made  from  March  to  October 
in  the  ( hilt  of  Mexico.  Apparently.  V.  tripunctulatus  spawns 
in  all  seasons  throughout  its  geogtaphic  range. 

Ska  Ratios.— Total  numbers  of  males  exceeded  total 
numbers  of  females  in  ail  seasons,  but  the  only  significant 
difference  was  in  late  spring,  when  adult  males  outnum¬ 
bered  adult  females  b\  2.9:1  (  Table  19).  When  till  subadults 
and  adults  fine  hiding  damaged,  unmeasureable  specimens) 
from  cruises  1-1-1  are  compared,  the  ratio  is  144  males:  I  99 

I  CHI  t  1*1 — Numbers  of  each  sex  for  each  stage  of  Valenciennellus  tripunc¬ 
tulatus  (  At)  =  adult;  f  =  female;  \!  =  male;  SAD  =  subadult;  TOT  =  total 
ol  all  three  stage's;  asterisk  =  significant  differences  indicated  bv  (  Ill-square 
test  (p  =  il.'ut. 


females,  and  the  difference  is  not  significant  from  1:1.  We 
suspect  that  the  slight  tendency  for  males  to  predominate  is 
explained  bv  differential  susceptibility  lo  the  collecting  gear, 
with  more  females  (with  average  si/e  larger  than  males) 
than  males  avoiding  the  net. 

Vkrtioai.  Distriiu  t  ion. — Of  78  specimens  taken  in 
none  repuscular  discrete-depth  tows,  71  (91%)  were  from 
depths  of  951-550  m  both  day  and-  night  (Table  20). 
suggesting  that  V.  tripunctulatus  is  a  permanent,  nonmigrat¬ 
ing  resident  of  these  depths  at  all  times.  Only  two  specimens, 
both  subadults,  were  taken  deeper,  in  a  day  tow  at  651- 
700  m  in  late  spring.  These  specimens  cannot  be  dismissed 
as  contaminants,  since  the  preceding  tow  was  from  below 
1500  m.  Only  five  specimens,  two  post  larvae  and  three 
subadults,  were  from  901-950  m,  our  shallowest  capture 
interval.  These  were  night  captures,  and  the  presence  of 
subadults  at  this  depth  suggests  increased  susceptibility  to 
capture  at  night,  although  the  possibility  of  a  very  minor 
upward  movement  cannot  be  ruled  out.  On  the  other  hand, 
the  presence  of  post  larvae  at  901-950  in  suggests  stage- 
depth  stratification,  which  is  also  indicated  by  the  tendency 
for  mean  SI.’s  to  increase  with  increasing  depth  at  all  times, 
although  the  trend  is  clear  only  in  day  catches  in  late 
summer,  where  the  number  of  specimens  begins  to  ap¬ 
proach  adequacy  ('Table  20). 

Other  studies  report  si/e-depth  stratification  and  overall 


I  .abi  k  20. — Vertical  distribution  by  50-ni  intervals  of  Valenciennellus  tripunctulatus  (AD  =  adult;  JUV  = 
juvenile;  N  =  number  of  specimens:  PI.  =  postlarva:  SA  =  subadult;  SL  =  standard  length  in  mm;  TOT  = 
total;  X  =  mean;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catc  h;  asterisk  in  X  column  =  unsampled  interval  with  interpolated  catch). 
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depth  ranee*  similar  to  ours,  hut  there  is  some  indication 
ol  area  to  area  differences  in  did  depth  concentrations, 
l.oeh  (1979)  reported  small  (7. 1-9.9  mm  SI.)  postlarvae 
from  o|X‘it  net  lows  made  at  100-225  m  and  100-850  m 
in  (lit  North  Pacific  central  gvre.  hut  none  from  shallower 
or  deeper  lows.  In  open  net  sampling  near  Hawaii.  \'. 
tripunctulatus  (10-82  nun  SI.)  was  taken  mostly  at  400-550 
m  hv  dav.  and  specimens  from  525  m  were  significantly 
larger  than  those  taken  at  500  m  (Clarke,  1974).  The  night 
depth  range  was  200-880  m.  and  Clarke  concluded  that 
the  species  undergoes;!  small  but  distinct  upward  migration. 
Hopkins  and  Baird  (1981)  reported  on  discrete-depth  cap- 
tines  of  1.  tripunctulatus  from  two  stations  in  the  Cull  of 
Mexico.  At  27° N.  86°  W  the  depth  distribution  was  250- 
550  m  hv  dav  and  180-500  tti  at  niglu.  and  the  authors 
com  hided  that  any  vertical  migration  is  very  limited.  In  the 
I  .oop  Current  g\  re.  the  species  was  somewhat  deeper  (870- 
550  m)  with  no  day-night  difference  discernible.  Discrete- 
depth  sampling  in  two  areas  of  the  eastern  Atlantic  also 
produced  somewhat  different  results.  Near  the  Canary  Is¬ 
lands.  I .  tripunctulatus  was  found  at  850-500  m  hv  day  and 
at  250-450  m  at  night ,  indicating  a  slight  upward  migration 
(Badcock.  1970).  At  80°N.  28°\V,  where  the  species  exhib¬ 
ited  si/e-depth  stratification  at  200-400  m  day  and  night, 
there  was  a  slight  upward  shift  in  the  peak  frequencies  of 
larger  specimens  at  night,  which  Badcock  and  Merrett 
(1970)  attributed  to  increased  vulnerability  to  capture  in 
darkness. 

Valenriennellus  tripunctulatus  has  been  shown  to  feed 
almost  exclusively  by  dav  in  three  different  areas:  the  east¬ 
ern  North  Atlantic  (Merrett  and  Roe,  1974),  off  Hawaii 
(Clarke,  1978),  and  the  Gull  Of  Mexico  (Hopkins  and  Baird, 
198  I ).  This  commonality  of  behavior  suggests  that  the  most 
parsimonious  explanation  for  the  apparent  geographic  dif¬ 
ferences  in  diel  depth  distributions  is  net  avoidance,  the 
magnitude  of  which  varies  with  environmental  parameters 
such  as  water  transparency.  If  vertical  migrations  occur, 
they  are  very  minor,  and  are  usually  too  difficult  to  detect 
b\  ordinary  means. 

Pa  i  C'.hinkss. — Only  two  significant  CD  values  were 
found,  one  in  the  dav  time  (late  spring,  8.5 1-400  m)  and  one 
at  night  (late  summer.  45  I  -500  tti).  In  each  case,  subadults 
and  adults  were  involved.  This  scarcity  of  c  lumping  agrees 
\sith  the  feeding  study  of  Baird  and  Hopkins  (198 1 ),  who 
c  one  luded  that  l'  tripunctulatus  has  a  sparse,  nonaggregaled 
distribution. 

Nie.m:D\Y  Caich  Ratios. — In  late  spring,  subadults 
were  twice  as  abundant  by  day  as  by  night,  but  adults  were 
equally  abundant  night  and  day  (  fable  21).  In  late  summer, 
this  pattern  was  reversed,  and  thus  the  total  abundance 
differs  little  from  1:1  in  the  two  seasons.  However,  when 
the  winter  night  captures  (  fable  20)  are  included,  the 
nightuias  catc  h  tale  for  all  specimens  and  all  seasons  com¬ 
bined  is  1.8:1.  Furthermore,  w  hen  all  captures  (nondiscrete 


1  ABIT  ‘J  I . — Seasonal  niglu  to  dav  f  ait  h  ratios  of  Valenriennellus  tripunc¬ 
tulatus  ( A I )  =  adult;  Jl‘V  =  juvenile;  PI,  =  posil.u  va;  SAD  =  su  had  tilt: 
TOT  =  total  of  all  stages:  *  =  no  catch  during  one  or  IkhIi  diel  |x*riods). 
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plus  discrete)  are  considered,  night  captures  exceed  day 
captures  hv  151  to  108,  a  ratio  of  1.4:1.  Thus,  f.  tripunc¬ 
tulatus  appears  to  be  more  susceptible  to  capture  at  niglu. 
This  is  suppoi ted  by  data  from  two  areas  of  the  eastern 
North  Atlantic,  where  night  captures  exceeded  day  captures 
In  1.6:1  (Badcoc  k.  1970)  and  2.6:1  (Badcock  and  Merrett, 
1976). 

These  niglicday  catch  ratios  may  be  explained  by  diel 
differences  in  behavior,  f.  tripunctulatus  feeds  almost  exclu¬ 
sively  by  day.  and  apparently  searches  a  considerable  vol¬ 
ume  of  water  to  obtain  its  daily  ration  (Baird  and  Hopkins. 
1981).  Thus,  the  species  is  more  alert  by  day  and  better 
able  to  avoid  capture.  At  niglu.  its  silvery  sides  become 
darkened  by  the  expulsion  of  melanophores,  which  also 
obscure  the  luminescent  organs  (Badcock,  1969;  Krueger, 
1 972).  The  resulting  loss  of  reflectivity  may  serve  to  reduce 
the  likelihood  of  detection  by  bioluminescent  predators. 
This  nocturnal  camouflage,  coupled  with  the  cessation  of 
feeding,  suggests  that  V.  tripunctulatus  becomes  quiescent 
at  night  and  thus  more  vulnerable  to  midwater  trawls. 

Maurolicus  muelleri 

This  is  a  moderate-size  species,  reaching  a  maximum 
length  of  about  65  mm  SI.  (Grey.  1964).  Although  the 
distribution  of  M.  muelleri  is  worldwide  (Briggs,  I960),  it 
was  rare  in  the  Ocean  Acre  area  and  was  completely  absent 
from  discrete-depth  samples. 

Four  spec  imens  were  taken  in  open  nets  in  July  and 
September,  all  during  crepuscular  periods.  In  July,  two 
postlarvae.  12  and  14  mm  SI.,  were  taken  in  a  low  at  0- 
250  m  and  a  subadult,  18  mm  SI.,  came  from  0-1425  m. 
The  lone  September  capture,  a  subadult  18  mm  SI.,  was 
taken  at  0-  1 00  in. 

Williams  and  Hart  (1974)  collec  ted  eggs  of  M.  muelleri 
from  March  to  October  in  the  open  North  Atlantic  (59°N, 
I9°W).  F.ggs  were  taken  at  depths  of  100-500  m  and 
temperatures  of  8.8°-IO.O°  G.  Most  studies  have  reported 
spawning  to  occur  near  the  edge  of  the  continental  shelf 
(Robertson.  1976,  and  papers  c  ited  by  him).  The  presence 
of  two  postlarvae  in  our  study  area  and  the  report  of  two 
smaller  larvae  (7-8  mm)  from  Beebe's  8-mile  cylinder 
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(Bi'i'lu-.  1  957)  suggest  that  M.  mudlen  spawns  in  deep  Wiitri' 
near  Bermuda. 

Habitat  Segregation  and  Resource  Partitioning 

Table  22  shows  the  maximum  standard  lengths,  depths 
ol  com  enttation,  and  peak  spawning  seasons  for  the  four 
most  abundant  sternoplvt  bids,  Sternoptyx  diaphana  is  the 
deepest  dwelling  species  anti  is  almost  completely  separateu 
from  the  other  three  in  the  water  column.  Although  the 
spawning  season  of  X.  diaphana  completely  overlaps  those 
of  the  other  sternoptvehids.  its  post  larvae  are  found  pri- 
marih  between  a  at)  and  750  m.  much  deeper  than  post- 
larvae  of  the  other  species.  Thus,  X.  diaphana  does  not 
compete  lot  any  resource  with  am  other  member  of  the 
famih . 

I  lte  two  congeners,  Argyropelecus  hemigymnus  and  l.  acu- 
leulu a,  differ  strikingly  in  si/e  and  have  different  (though 
overlapping)  depth  distributions,  especially  at  night.  Prob¬ 
able  thee  have  sere  different  diets.  In  both  the  eastern 
North  Allan! it  ( Merrctt  and  Roe,  1 974) and  the  Caribbear- 
<enn.il  (.till  of  Mexico  region  (I lopkins  and  Baird,  1977), 
stomach  contents  of  .1.  hemigymnus  evere  dominated  bv 
copc'pods.  while  those  of  comparable  size  A.  aculeatus  con¬ 
tained  most  Is  ostracods:  larger  specimens  of  .1.  aculeatus 
from  the  ( iaribbean-C  >nlf 'region  also  contained  significant 
numbers  of  larger  pres  items,  such  as  ampltipods,  molluscs 
and  t  unit  tiles,  all  of  whic  h  were  rare  or  absent  in  hemi- 
gs  m  mis. 

A  hemigymnus  and  Vaienciennellus  tripunctulatus  are  sim¬ 
ilar  in  si/e  and  morphology,  have  nearly  identical  diel  ver¬ 
tical  distributions,  exhibit  similar  diel  changes  in  pigmen¬ 
tation  (Bade  nt  h.  19(59).  and  even  share  the  same  feeding 
period:  afternoon  and  evening  (Merrett  and  Roe,  1974; 
Hopkins  and  Baird.  19“7).  However,  in  the  eastern  North 
Atlantic,  Merrett  and  Roe  (1974)  found  important  differ¬ 
ences  tn  the  diets  of  these  two  fishes,  with  species  of  the 
c  opepod  genus  Pleurnmamma  predominant  in  the  stomac  hs 
of  \.  tripunctulatus.  Furthermore.  Hopkins  and  Baird 
1 1977).  who  compared  spec  imens  of  both  species  from  the 
same  haul  in  the  eastern  Gulf  of  Mexico,  found  a  greater 


I  \bi  \  22. — -Maximum  si/e.  main  depth  distribution,  and  peak  spawning 
[K  i  iod  lot  the  lour  well  represented  species  of  Stcrnoptvt  hidae. 
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diversity  of  pre\  in  the  stomachs  of  A.  hemigymnus.  which 
contained  a  much  higher  percentage  of  small  (<2  mm)  prey 
items.  In  addition,  out  postlarvae  of  A.  hemigymnus  were 
abundant  only  in  late  summer  (corresponding  to  the  spring- 
summer  breeding  peak)  and  were  concentrated  at  401-450 
m  in  all  seasons.  In  contrast,  postlarvae  of  V.  tripunctr'-lus 
were  scarce  in  the-  Ocean  Acre  area,  as  might  be  expected 
in  a  vear-round  spawner,  and  appeared  in  discrete-depth 
sample's  onls  in  winter,  at  50 1  -550  m.  Thus,  these  two  vets 
similar  species  probably  compete  little  or  not  at  all. 

In  summary.  Ocean  Acre  Stei  noptyebidae  appear  to  par¬ 
tition  their  resources  primarily  bv  habitat  segregation  in  the 
vertical  plane.  Where  depth  distributions  overlap  or  coin¬ 
cide.  competition  probably  is  reduced  or  eliminated  bv 
differences  in  feeding  selectivity,  whic  h  may  or  may  not  be 
related  to  differences  in  SL.. 
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Family  Myctophidae, 
Lanternfishes 


Charles  Karnella 


ABSTRACT 

The  lanternfishes  (Family  Myctophidae)  are  represented 
in  the  Ocean  Acre  collections  by  more  than  47,000  speci¬ 
mens  distributed  among  03  species  in  18  genera.  The 
species  are  categorized  as  "rare."  "uncommon,"  "common," 
“abundant,"  and  "very  abundant,"  based  upon  maximum 
seasonal  abundance.  1  wenty  species  are  "rare,"  19  "uncom¬ 
mon,"  1  3  “common."  0  "abundant,"  and  5  "very  abundant." 
rhe  1  1  "abundant"  and  “very  abundant"  species  include 
only  one  congeneric  pair  and  have  subtropical,  temperate- 
semisubtropical,  or  tropical-subtropical  distributions. 

Developmental  stages,  reproductive  cycles,  seasonal 
abundance,  sex  ratios,  vertical  distributions,  patchiness,  and 
night-to-dav  catch  ratios  are  discussed  for  each  species  for 
whic  h  there  are  enough  data.  Diel  changes  in  the  vertical 
distributions  of  lanternfishes  also  are  described.  There  is  a 
change  in  the  center  of  abundance  from  450-900  m  during 
the  dav.  to  above  250  m  at  night.  Finally,  using  factor 
analyses  and  cluster  analysis,  species  groups  and  depth  strata 
are  defined  and  discussed.  L.ittle  consistency  was  found  in 
species  groups  between  night  and  day  or  from  season  to 
season,  suggesting  that  resources  are  well  partitioned  among 
the  species  of  Myctophidae. 


Introduction 

Lanternfishes  are  represented  in  the  Ocean  Acre  collec¬ 
tions  b\  more  than  47.000  specimens  distributed  among  63 
spec  ies  in  18  genera.  Table  23  shows,  for  each  species,  (1) 
the  number  of  spec  imens  taken  on  all  cruises,  (2)  t he  num¬ 
ber  taken  on  the  paired  seasonal  cruises,  (3)  the  number 
taken  in  discrete-depth  samples  made  during  the  paired 
seasonal  cruises,  and  (4)  the  number  taken  in  noncrepus- 
c  u lur  discrete-depth  samples  made  during  the  paired  sea¬ 
sonal  c  raises.  The  last  represents  t he  primary  data  base  that 
was  unalv/ed. 

A  preliminary  report  based  on  about  one-third  of  the 
spec  imens  and  using  different  methods  of  analysis  was  pre- 
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pared  by  Gibbs  et  al.  (1971).  Five  species  reported  here, 
Diaphus  garmani,  l.ampans’dus  intricarius,  L.  nobilis,  Myrto- 
phum  asperum,  and  M.  obtusiroslre,  were  not  included  by 
Gibbs  et  al.  All  are  rare  in  the  study  area;  the  five  species 
combined  were  represented  by  only  26  specimens.  The 
three  specimens  referred  to  as  Myctophum  affine  by  Gibbs  et 
al.  were  misidentified  and  were  other  species  of  the  genus. 
No  spec  imens  of  M.  affine  were  found  in  the  Ocean  Acre 
collections,  and  the  species  probably  does  not  occur  in  the 
study  area.  Diaphus  elucens,  listed  by  Gibbs  et  al.,  is  a 
synonym  of/),  perspicillatus. 

Beebe  (1937),  in  his  studies  of  the  deep  sea  fishes  found 
near  Bermuda,  noted  that  lanternfishes  accounted  for  about 
25  percent  of  the  total  number  of  species.  He  listed  57 
species  of  lanternfishes  that  accounted  for  about  1 0  percent 
of  the  total  number  of  specimens  in  bis  collections.  The  57 
species  he  listed  probably  represented  about  30  valid  spe¬ 
cies.  but  there  is  no  way  to  be  sure  of  this  until  his  collections 
are  reexamined. 

Methods 

Methods  of  analysis  used  in  this  study  are  given  in  the 
introductory  chapter  of  this  volume.  A  few  observations 
particulars  applicable  to  ibis  study  are  provided  here. 

Ontogenetic  Stac.es. — Lanternfish  postlarvae  have 
markedly  different  body  proportions,  pigmentation,  and 
development  of  the  photophores  (if  any)  than  subadults  and 
adults.  Most  juveniles  (the  vast  majority)  are  similar  to  the 
older  stages  in  form,  pigmentation,  and  photophore  devel¬ 
opment.  Juvenile  gonads  are  thread-like  or  flattened  and 
show  very  little  or  no  regional  development,  all  areas  being 
similar  in  appearance.  It  was  possible  to  sex  some  of  the 
juveniles,  but  generally,  only  the  larger  juveniles  of  most 
species  could  be  sexed  under  the  dissecting  microscope. 
Juvenile-  females  seldom  have  eggs  larger  than  0.05  mm  in 
diameter. 

Subadults  have  large,  easily  recognizable  ovaries  or  testes 
that  are  cylindrical  rather  than  thread-like  or  flattened. 
Fggs  usually  show  little  development  and  mostly  are  clear 
and  <0. 1 0-0. 1  5  mm  in  diameter.  The  changes  in  testes  are 
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Table  2S. — Numbers  of  specimens  of  each  species  of  lanternfish  caught  in  all  samples  during  c  ruises  I- 
M.  in  all  samples  during  the  paired  seasonal  cruises  (cruises  4  and  12.  10  and  14,11  and  1 3),  in  all  discrete- 
depth  samples  made  during  the  paired  seasonal  cruises,  and  in  all  noncrepuscular  discrete-depth  samples 
made  during  the  paired  seasonal  cruises  (dash  =  not  taken  in  the  sample  type). 


SPECIES 

CRUISES  1-14 

TOTAL 

PAIRED  SEASONAL  CRUI 

TOTAL  DISCRETE 

SES 

NONCREPUSCULAR 

DISCRETE 

Benthosema  glaciate 

97 

53 

35 

28 

B.  suborb i tale 

432 

341 

255 

214 

Bolinichtbys  indicus 

3880 

2272 

1600 

1  169 

B.  photothorax 

15 

4 

4 

4 

B.  supral ateral i s 

107 

16 

12 

6 

Centrobranchus  nigroocel latus 

527 

434 

4 1 8 

316 

Ceratoscopelus  maderensis 

489 

90 

47 

36 

C.  warmi ngi i 

4683 

1862 

1226 

818 

Diaphus  bertelseni 

5 

1 

1 

1 

0.  brachycephalus 

84 

25 

22 

15 

0 .  dumer i 1 i i 

37 

9 

4 

4 

D.  effulgens 

120 

51 

36 

30 

0.  fragilis 

1 

1 

- 

- 

D.  garmani 

2 

* 

- 

- 

0.  lucidus 

16 

3 

2 

2 

D.  luetkeni 

3 

1 

1 

1 

0.  metopoc 1 ampus 

125 

70 

51 

47 

0.  mol  1  is 

1559 

650 

46 1 

342 

D .  perspi c i 1 1 atus 

17 

5 

4 

4 

D.  problematicus 

24 

8 

4 

3 

0  .  raf i nesqui i 

342 

193 

128 

93 

D.  splendidus 

82 

27 

20 

20 

D.  subtil  us 

5 

2 

- 

- 

D.  termophi lus 

9 

4 

2 

1 

Oiogenichthys  atlanticus 

4013 

2824 

1866 

1310 

Gonichthys  cocco 

1326 

1112 

1090 

814 

Hygophum  benoiti 

2850 

2522 

1814 

1509 

H .  hygomi i 

5350 

754 

521 

475 

H.  reinhardti i 

106 

65 

51 

37 

H.  taaningi 

72 

61 

35 

25 

Lampadena  anomala 

8 

5 

3 

3 

L .  Chaves i 

178 

52 

31 

27 

L.  luminosa 

8 

2 

- 

- 

L.  speculigera 

281 

237 

200 

85 

L.  urophaos 

212 

63 

49 

33 

Lampanyctus  alatus 

80 

29 

13 

10 

L.  ater 

414 

211 

151 

143 

L.  crocodilus 

350 

142 

97 

76 

L.  cuprarius 

1462 

584 

383 

340 

L.  festivus 

593 

188 

131 

120 

L.  intricarius 

2 

1 

- 

- 

L.  lineatus 

84 

35 

19 

18 

L .  nob i 1 i s 

20 

1 

1 

- 

L.  photonotus 

1074 

469 

351 

247 

L.  pusi 1 lus 

49)3 

2545 

1715 

1432 

Lepidophanes  gauss i 

951 

496 

283 

249 

L.  guentheri 

365 

109 

74 

56 

Lobianchia  dofleini 

3749 

964 

601 

413 

L.  gemel lari i 

627 

222 

146 

112 

Loweina  inter rupta 

2 

1 

1 

1 

L.  rara 

78 

50 

29 

26 

Myctophum  asperum 

1 

- 

- 

- 

M.  nitidulum 

543 

229 

180 

163 

M.  obtusirostre 

2 

1 

1 

1 

M .  punctatum 

51 

28 

27 

24 

selenops 

25 

18 

10 

6 

Notolychnus  valdiviae 

3999 

2870 

1944 

1670 

Notoscopelus  caudi spinosus 

344 

114 

90 

64 

N.  resplendens 

458 

133 

96 

53 

Symbol ophorus  rufinus 

53 

17 

13 

13 

S.  veranyi 

7 

6 

5 

5 

Taaningichthys  bathyphilus 

64 

26 

17 

15 

T.  minimus 

184 

47 

34 

22 

TOTALS 

47564 

23358 

16373 

12706 

’5S5 
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generally  so  gradual  that  it  is  difficult  to  define  either  the 
juvenile-subadult  or  the  subadult-adult  transition.  Males 
whose  testes  had  .tin  cylindrical  portions  were  considered 
subadults.  For  most  species  the  testes  of  large  subadults  are 
noticeably  enlarged  compared  to  those  of  most  juveniles. 

Ma  les  with  testes  showing  moderately  enlarged  areas 
wete  considered  adults.  Adult  males  generally  have  testes 
that  show  much  regional  development:  usually  one  section 
of  the  testis  is  markedly  enlarged  compared  to  the  other 
regions.  Adult  females  have  greatly  enlarged  ovaries  full  of 
latgt*  well  developed  eggs.  In  most  species  ova  are  larger 
than  about  0.2  mm  in  diameter. 

These  criteria  were  considered  only  as  guidelines,  for  no 
two  species  are  exactly  alike  in  their  development.  For 
example,  large  females  with  small  eggs  may  be  subadults 
that  have  never  spawned,  may  be  recently  spent,  or  may  be 
underdeveloped  as  a  consequence  of  expatriation.  It  is 
Po*.  nec  essary  to  examine  a  series  of  each  species  covering  the 
entire  range  of  si/es  at  all  seasons  to  determine  the  actual 
RVJ}  situation. 

Rki.aiivk  Abindanc.h. — In  the  following  accounts,  the 
species  are  categorized  as  "rare."  "uncommon,"  “common," 
‘'abundant."  and  “very  abundant,"  according  to  the  maxi¬ 
mum  abundance  at  any  given  season.  These  terms  do  not 
imply  that  a  species  would  be  in  the  same  category  if  the 
three  seasons  were  considered  separately. 

Rare  species  were  represented  by  fewer  than  40  speci¬ 
mens.  and  eac  h  had  a  maximum  seasonal  abundance  of  less 
than  l  specimen  per  hour. 

I'ncommon  species  had  a  maximum  seasonal  abundance 
of  I  to  9  spec  imens  per  hour  and  were  represented  by  107 
to  305  specimens. 

Common  species  had  a  maximum  seasonal  abundance  of 
10  to  30  spec  imens  per  hour  and  were  represented  by  281 
(9  to  1  559  specimens. 

Abundant  species  had  a  maximum  seasonal  abundance  of 
'  V  50  to  72  specimens  per  hour  and  were  represented  by  432 
specimens. 

1  w  ■  1 

£"»  \Vrv  abundant  species  had  a  maximum  seasonal  abun- 
dance  of  1.37  to  245  specimens  per  hour,  and  were  repre- 
)  settled  In  2850  to  4913  spec  imens. 
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Oceanographic  Sciences,  Worm  ley.  F.ngland),  Thomas  A. 
Clarke  (Hawaii  Institute  of  Marine  Biology),  James  Crad¬ 
dock  (Woods  Hole  Oceanographic  Institution).  Irving 
kornfield  (University  of  Maine,  Orono),  and  Jack  Musick 
(Virginia  Institute  of  Marine  Science,  Gloucester  Point) 
provided  valuable  comments  on  early  drafts  of  the  manu¬ 
script.  Richard  Goodyear  and  Dan  Piacesi  (formerly  with 
Smithsonian  Institution)  developed  the  computer  programs 
used  to  analyze  the  catch  data.  Mark  Hanover  of  Naval 
Underwater  Systems  Center  (NUSC),  Connecticut,  made 
valuable  editorial  and  technical  suggestions  on  arranging 
the  manuscript,  and  Doris  Chieka  Ladd  of  NUSC  accom¬ 
plished  the  final  typing  of  it  as  a  doctoral  dissertation.  Halya 
S.  Zadoret/kv  identified  most  of  the  postlarvae  used  in  this 
study,  and  Diane  Bohmhauer  and  Tina  Andersen  helped 
prepare  many  of  the  tables  when  they  were  employed  by 
the  Ocean  Acre  program  at  the  Smithsonian  Institution. 
Susan  Jewett  of  the  Smithsonian  provided  much  support 
during  most  of  the  study. 

The  Ocean  Acre  program  received  most  of  its  support 
from  the  Naval  Underwater  Systems  Center,  New  London. 
Some  of  my  work  also  was  supported  financially  by  grants 
to  R.H.  Gibbs,  Jr.,  from  the  Smithsonian  Research  Foun¬ 
dation  and  the  Office  of  Naval  Research  in  Washington, 
I)C. 

Species  Accounts 

The  following  accounts  discuss,  where  possible,  develop¬ 
mental  stages,  reproductive  cycle,  seasonal  abundance,  sex 
ratios,  vertical  distribution,  patchiness,  and  night-to-dav 
catch  ratios  of  the  63  species  of  lanternfishes  taken  during 
the  study.  For  some  species,  particularly  the  “abundant" 
and  “very  abundant"  ones,  there  were  enough  data  to 
perform  detailed  analyses  for  each  subject.  For  others, 
detailed  analyses  could  be  done  only  for  certain  categories, 
and,  for  still  other  species,  there  were  almost  no  data:  these 
mostly  were  the  “rare"  and  “uncommon"  species. 

Benthosema  glaciate 

This  subarc  t it -temperate  species  (Backus  et  al.,  1977)  is 
thought  to  be  the  most  abundant  member  of  the  family 
north  of  about  37 °N  in  the  Atlantic  Ocean  (Bolin,  1959; 
Ilallidav.  1970;  Nafpaklitis  et  al..  1977).  It  attains  a  mod¬ 
erately  large  size  near  Bermuda;  maximum  length  in  the 
Ocean  Acre  collections  is  60  mm.  Maximum  size  and, 
presumably,  life  span  increase  with  latitude;  B.  glaciate 
glows  to  68  mm  off  Nova  Scotia,  to  84  mm  off  Greenland 
(Ilallidav.  1970),  and  to  103  mm  off  Norway  (Gjosaeter, 
1973).  I  he  species  is  uncommon  in  the  study  area;  97 
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specimens  wire  collected  during  the  program,  about  half 
of  these  during  the  paired  seasonal  cruises.  Discrete-depth 
captures  numbered  35.  of  which  28  were  from  noncrepus- 
cular  times. 

Developmental  Stacies. — Juveniles  were  20-36  mm, 
subadults  33-60  mm,  and  adult  males  48-60  mm  SI..  All 
but  two  fish  could  be  sever);  one  was  the  smallest  specimen, 
the  other  was  badlv  damaged.  There  were  48  females  and 
47  males,  f  sternal  sexual  dimorphism  was  evident  in  fish 
25-30  mm,  with  males  having  supracaudal  and  females 
infracaudal  luminous  tissue. 

REPRODUCTIVE  f.VCI.K  ANI)  SEASONAL  ABUNDANCE. — 
Based  upon  the  low  abundance  and  peculiar  vertical  distri¬ 
bution  of  B.  glaciate  in  the  northern  Sargasso  Sea,  Jahn 
( 1 076)  concluded  that  the  species  was  an  expatriate  and  did 
not  reproduce  successfullv  in  that  region.  The  Ocean  Acre 
collet  lions,  which  contain  no  adult  females,  or  juveniles  at 
the  transformation  si/e,  or  postlarvae,  seem  to  support 
(aim's  conclusion. 


Table  2-f. — Seasonal  aBundance  and  percent  of  total  abundance  (in  paren¬ 
theses)  tor  Renthosema  glaciate  (AD  =  adult  ] I  V  —  juvenile;  SA1)  —  I**1 

suh.idult;  TOT  =  total.  The  figure  for  abundanee  is  the  sum  of  the  catch 
rates  for  all  50-mi  intervals,  with  interpolation  for  unsampled  intervals,  at 
the  diel  |>eriod  showing  the  greatest  total  abundance). 


SEASON 

JUV 

SAD 

AD 

TOT 

WINTER 

0 

0.9(65. 3) 

0.5(35.7) 

l  .U 

LATE 

SPRING 

1.1(15-7) 

5.7(67.1) 

1-2  07-1) 

7-0 

LATE 

SUMMER 

0.5(16.1) 

1.1 (35-5) 

1.5(58.1.) 

3-1 

l-'islt  20-30  mm  were  caught  in  small  numbers  in  March, 
April,  and  June  and  were  most  numerous  in  April  (cruise 
6).  Ac  cording  to  Hallidav  (1970),  fish  of  this  si/e  found  off 
Nova  Scotia  were  about  six  months  old.  Assuming  that  the 
Ocean  Acte  population  had  a  similar  growth  rate,  one 
would  expect  to  catch  fish  about  11-12  mm  (the  si/e  at 
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Table  25. — Vertical  distribution  by  50-m  intervals  of  Benthosema  glaciate  (AD  =  adult;  ] I  V  =  juvenile;  N 
=  number  of  specimens;  PI.  =  postlarva;  SA  —  subadult;  SL  =  standard  length  in  mm;  TOT  =  total;  X  = 
mean;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 
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transformation  (  1  bailing,  1918:  Halliday,  1970)  in  fall  or 
winter  if  thev  were  spawned  in  the  study  area.  Few  fish  of 
am  si/e  were  taken  those  seasons.  The  entire  catch  front 
October  to  March  consisted  of  15  specimens  36-50  mm 
SI.. 

Abundance  was  at  its  yearly  low  in  winter  ('Fable  24). 
l  he  entire  catch  was  three  specimens  Abundance  increased 
to  its  maximum  by  late  spring  when  subadults  were  domi¬ 
nant:  juveniles  and  adult  males  were  about  equal  in  number 
but  less  abundant.  Fite  catch  was  mostly  offish  larger  than 
40  mm,  which,  according  to  Hallidav  (1970).  would  be  one 
to  three  vears  old.  By  late  summer,  abundance  had  de¬ 
creased  to  an  intermediate  level  and,  as  in  late  spring,  the 
catch  was  mostly  larger  than  40  nun. 

'l  he  conspicuous  absence  of  10-12  111111  juveniles  and  the 
predominance  of  specimens  huger  than  40  mm  in  the 
collet  lions  suggest  that  all  fish  were  at  least  six-months  old 
and  most  were  more  than  a  vear  old  before  they  reached 
the  study  area  (Hallidav,  1970).  Otoliths  from  three  fish 
(40.  53.  and  56  mm)  had  two,  three,  and  three  transparent 
rings,  respectively,  indicating  that  thev  were  two  and  three 
years  old  (Hallidav,  1970). 

Vfr  rtcAt.  Distribution. — Although  B.  glaciate  is  known 
to  migrate  from  day  depths  of  250-800  ill  into  the  upper 
200  m  at  night  off  Nova  Scotia  (Halliday,  1970)  and  in  the 
Mediterranean  Sea  (Goodyear  et  al.,  1972),  near  Bermuda 
the  species  was  taken  only  deeper  than  750  m  day  and  night 
at  all  seasons  (Table  25).  The  maximum  depth  of  occur¬ 
rence  is  uncertain  because  of  poor  samples  below  1000  m 
(Table  2):  the  deepest  catch  by  day  was  at  1001-1050  in 
and  by  night  at  1201-1250  in  (Table  25).  Maximum  abun¬ 
dance  was  at  951-1000  m  by  day  and  851-900  m  by  night 
(  Table  25). 

Most  positive  samples  (including  open  net  and  oblique 
1KMT  tows)  caught  one  fish,  a  few  caught  2  to  4,  and  one 
taught  13.  indicating  a  patcln  distribution. 

Benthosema  suborbitale 

This  species  occurs  in  tropical  and  subtropical  waters  of 
all  oceans  (Nafpaktitis  et  ah,  1977).  Backus  et  ah  (1977) 
listed  II.  suborbitale  as  a  tropical-subtropical  species  in  the 
Atlantic.  In  the  North  Atlantic  it  is  said  to  be  more  abundant 
in  the  east  than  in  the  west,  but  it  is  common  in  the  Gulf  of 
Mexico  (Nalpaktitis  et  ah,  1977).  It  is  a  small  to  medium- 
si/e  lantcrnfish.  reaching  a  si/e  of  about  39  mm  in  the 
Atlantic  (lliilley.  1981),  38  mm  in  the  Pacific  (Clarke, 
1973).  and  about  30-32  nun  in  the  Indian  Ocean  (Nafpak¬ 
titis  and  Nalpaktitis.  1969).  The  largest  Ocean  Acre  speci¬ 
men  was  29  mm  (Koiihaus.  1972:11.  listed  a  51.5  mm 
spec  imen  from  the  eastern  North  Atlantic,  but  it  is  unlikely 
that  It  suborbitale  grows  to  that  size.) 

Benthosema  suborbitale  is  one  ol  the  numerically  dominant 
lantcrnfishes  in  the  North  Atlantic  subtropical  region  and 
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is  one  of  the  "abundant"  lanternlishes  in  the  study  area. 
'This  species  ranked  sixth  in  abundance  in  late  summer  and 
was  represented  in  the  Ocean  Acre  collections  by  432 
specimens;  341  were  caught  during  the  paired  seasonal 
c  ruises,  255  of  these  in  discrete-depth  samples,  214  of  the 
latter  in  none  repusc  ular  tows.  (  Fable  23). 

Developmental  Stages. — Postlarvae  were  8-9  mm,  ju¬ 
veniles  10-21  mm.  subadults  18-29  mm,  and  adults  22-29 
mm  SL.  Most  fish  smaller  than  13  nun  could  not  be  sexed, 
and  most  of  those  larger  than  13  nun  had  small  but  recog¬ 
nizable  ovaries  or  testes.  External  sexual  dimorphism  was 
obvious  at  about  20-25  nun,  at  which  size  males  developed 
supracaudal  and  females  infracaudal  luminous  tissue.  Adult 
females,  represented  in  the  Ocean  Acre  collections  bv  only 
six  specimens,  contained  eggs  as  large  as  0.4  nun  in  diame¬ 
ter.  Some  large  (greater  than  22  mm)  subadult  females 
caught  in  each  season  appeared  to  be  in  a  postspawning 
condition,  and  others  had  occasional  ova  as  large  as  0.2- 
0.4  mm  in  diameter,  but  most  had  eggs  less  than  0.1  mm. 

Reproductive  Cycle  and  Seasonal  Abundance. — 
1  lie  life  history  of  B.  suborbitale  in  the  study  area  is  difficult 
to  determine.  Near  Bermuda  there  may  be  a  composite  of 
individuals  actually  spawned  in  the  study  area  and  those 
spawned  elsewhere.  The  latter  probably  account  for  most 
of  the  population.  Spawning  seems  to  occur  over  all  or  most 
of  the  year,  with  a  peak  near  spring.  Size  classes  could  not 
he  traced  from  season  to  season  but,  judging  from  the 
maximum  size  attained,  the  life  span  is  probably  about  a 
year.  Total  abundance  and  abundance  of  each  stage  was 
greatest  in  late  summer,  intermediate  in  winter,  and  least 
in  late  spring  (  Table  26).  Juveniles  and  subadults  together 
accounted  for  more  than  80  percent  of  the  catch  at  each 
season. 

Evidence  that  spawning  occurs  in  the  study  area  is  the 
presence  of  a  few  postlarvae  (none  were  taken  in  discrete- 
depth,  none repuscular  samples  made  during  the  paired 
seasonal  cruises)  and  of  small  numbers  of  gravid  or  nearly 
gravid  females.  Juveniles  at  or  near  the  size  at  transforma¬ 
tion,  10-14  mm  (Badcock  and  Merrett,  1976),  were  caught 
during  I  2  of  the  1  4  cruises,  suggesting  that  spaw  ning  occurs 
over  most  of  the  year,  and  that  the  parent  population  was 
geographically  not  far  removed. 

Total  abundance  in  late  spring  was  very  low  (Table  26), 
but  no  samples  were  taken  above  50  m  at  night  where  the 
species  was  most  abundant  in  late  summer.  A  sample  made 
at  30  m  was  not  used  because  gear  failure  resulted  in  its 
combination  with  the  30-0  til  oblique  sample.  The  com¬ 
bined  sample  had  a  catch  rate  of  8.6  specimens  per  hour, 
of  which  juveniles  accounted  for  less  than  1 ,  subadults  about 
5,  and  adults  about  3.  Inc  lusion  of  this  sample  probably 
would  have  resulted  in  a  more  accurate  estimate  of  the 
abundanc  e  of  IS.  suborbitale. 

Abundance  ol  all  stages  was  muc  h  higher  in  late  summer 
(  Fable  26).  Small  juveniles  (less  than  18  mm)  had  their 
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Tabu:  26. — Seasonal  abundance  and  percent  of  total  abundance  (in  paren- 
tlteses)  lor  Benthosema  suborbitale  (AD  =  adult;  JUV  —  juvenile:  SAD  = 
subadult.  I  OT  =  total). 


SEASON 

JUV 

SAD 

AD 

TOT 

WINTER 

6.2(59.0) 

2.6(22.8) 

1.908.1) 

to. 5 

LATE 

SPRING 

1.3  (46. 4) 

1.0(35-7) 

0.507.9) 

2.8 

LATE 

SUMER 

28.8  (60.0) 

36.6(68.0) 

8.601.9) 

72.0 

greatest  abundance  at  tliis  time,  suggesting  a  spawning  peak 
in  spring.  However,  subadults  were  the  most  abundant 
st.ige,  which  suggested  that  most  of  the  population  had  not 
vet  spawned  and  that  juveniles  would  reach  their  greatest 
abundance  later  in  the  year. 

The  expected  peak  abundance  was  not  evident  in  winter 
(Table  2b).  Although  juveniles  were  the  most  abundant 
stage,  all  stages  were  much  less  abundant  than  in  late 
summer. 

The  extremely  low  abundance  in  late  spring  followed  by 
the  great  increase  in  all  stages,  particularly  subadults,  in  late 
summer,  is  difficult  to  reconcile  in  terms  of  a  breeding 
population  in  the  study  area.  It  seems  probable  that  most 
of  the  increase  was  due  to  an  influx  of  individuals  into  the 
area  from  other  regions  during  summer.  This  is  supported 
In  the  fact  that  fish  lb  mm  and  larger  accounted  for  at  least 
50  percent  of  the  total  abundance  in  each  season,  while 
those  11-14  mm  comprised  no  more  titan  110  percent  of 
the  catch  at  any  season. 

Sex  Ratios. — Males  were  more  numerous  than  females 
in  the  collections  from  winter  and  late  spring,  and  females 
were  slightlv  more  numerous  in  late  summer,  with  male-to- 
female  sex  ratios  of  1 .4: 1  in  winter,  1 .8: 1  in  late  spring,  and 
1 .0: 1  in  late  summer.  None  of  these  sex  ratios  differ  signif- 
ieantlv  from  unity  (  Table  27). 

Male  adults  consistently  outnumbered  female  adults;  the 
differences  for  late  spring  and  late  summer  collections  were 
statistically  significant  (Table  27).  These  differences  prob¬ 
able  were  real,  as  only  six  adult  females  were  taken  during 
the  program. 

There  was  no  pattern  of  seasonal  numerical  dominance 
by  either  sex  for  juveniles  and  subadults.  The  total  number 
of  females  was  greater  than  that  of  males,  but  the  differ¬ 
ences  were  not  significant  (  Table  27). 

Vfr ticai.  Distribution. — Depth  of  occurrence  bv  day 
in  winter  was  50  I  — (450  m  (possibly  deeper)  with  a  maximum 
abundance  at  551-600  m,  in  late  spring  it  was  551-700  in 
(possible  both  shallower  and  deeper),  and  in  late  summer 
501-050  in.  At  night,  except  for  single  specimens  found  at 
751-800  m  in  late  spring,  and  151-200  ni  and  701-750  m 
in  late  summer,  all  discrete-depth  captures  were  from  the 
upper  100  m  (  Table  28).  The  shallow  depth  limit  appears 
to  be  about  50  m  in  winter  and  20-30  ill  during  the  other 
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two  seasons.  Maximum  abundance  was  near  70  m  in  winter 
and  near  30  m  in  late  summer  and  probably  also  in  late 
spring.  (See  “ Night : Da v  Catch  Ratios.") 

Night  catch  data  for  late  summer  and  late  spring,  and 
dav  catch  data  for  winter  (when  about  half  of  the  discrete- 
depth  day  catch  was  from  a  single  sample  taken  at  55 1  -600 
m)  indicate  that  B.  suborbitale  tended  to  concentrate  within 
a  rather  narrow  depth  range. 

Stage  and  size  stratification  were  evident  by  day  at  each 
season  but  not  at  night.  Maximum  depths  of  occurrence  by 
day  in  winter  and  late  spring  were  similar  for  all  stages,  but 
juveniles  were  found  in  shallower  waters  than  the  others, 
and  subadults  were  found  in  shallower  waters  than  adults. 
In  late  summer  during  the  day  juveniles  were  found  only 
near  the  shallower  limit  and  the  older  stages  only  near  the 
deeper  limit.  In  winter  juveniles  and  subadults  were  most 
abundant  at  a  shallower  depth  than  adults  (Table  28). 

In  terms  of  size,  during  the  day  fish  larger  than  20  mm 
were  not  taken  near  the  shallower  limits,  and  those  26-28 
mm  were  taken  only  at  or  near  the  deeper  limits.  Maximum 
and  mean  sizes  increased  with  depth. 

At  night  all  three  fish  caught  below  100  m  were  11-12 
mm.  However,  most  fish  of  that  size  were  taken  in  the  upper 
100  m  (  Table  28).  Juveniles  10-12  mm  do  not  migrate  on 
a  regular  basis  near  Hawaii  (Clarke,  1973)  or  in  the  eastern 
Atlantic  (Badcock and  Merrett,  1976).  Badcockand  Merrett 
(1976)  related  the  degree  of  development  to  migratory 
behavior:  light  colored  juveniles  (i.e.,  recently  transformed 
fish)  were  not  migrators,  but  dark  colored  ones  were.  In 
contrast,  both  of  the  Ocean  Acre  specimens  taken  below 
700  m  at  night  were  dark  juveniles. 

Upward  migrations  in  late  summer  apparently  began 
between  about  0.8  and  2.3  hours  before  sunset.  Specimens 
were  taken  at  daytime  depths  between  1.3  and  2.3  hours 
before  sunset  and,  at  about  350  m  no  more  than  0.8  of  an 
hour  before  sunset.  The  upper  50  in  were  occupied  no  later 
than  1.5  hours  after  sunset.  Assuming  an  upward  shift  of 
about  600  m  between  day  and  night  centers  of  abundance 
(601-650  m  to  1-50  m)  and  a  migration  time  of  about  3.5 
hours,  upward  migrations  occurred  at  about  170  m/hr. 
Nothing  can  be  said  concerning  the  morning  migrations  in 
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T  ABI.F.  27. — Numbers  of  each  sex  for  each  stage  of  Benthosema  suborbitale 
(AD  =  adult;  F  =  female;  JUV  =  juvenile;  M  =  male;  SAD  —  subadult: 
TOT  =  total  of  all  three  stages;  asterisk  =  significant  differences  indicated  yV' 
bv  Chi-square  test  (p  =  .05)). 
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I  ABIC  28. — Vertical  distribution  by  50-m  intervals  of  Benthosema  suborbitale  (AD  —  adult;  JUV  =  juvenile; 
N  =  nutnlier  of  specimens;  PL  =  postlarva;  SA  =  subadult:  SI.  =  standard  length  in  mm;  TOT  =  total;  X 
=  mean;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 
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late  summer  or  about  morning  or  evening  migrations  at 
either  of  the  other  two  seasons. 

Patchiness. — A  patchy  distribution  was  indicated  by  day 
in  winter  at  551-600  m.  Juveniles  and  subadults  accounted 
for  most  of  the  catch  from  that  depth  (Table  28). 

The  catc  h  from  51-100  m  at  night  in  late  summer  had  a 
significant  CD  value,  but  this  probably  resulted  from  verti¬ 
cal  stratification  rather  than  horizontal  patchiness.  Eight 
samples  were  taken  at  three  different  depths  within  that 
interval.  Each  sample  within  a  ''"■if*  v'c  similar  to  the 
others  from  that  series,  and  none  of  the  individual  series 
had  significant  (d)  values.  Samples  from  the  shallowest 
series  had  considerably  greater  catch  rales  than  those  from 
the  two  deeper  series,  which  resulted  in  a  large  CD  value. 

Nk;ht:I)ay  Catch  Ratios. — Night-to-day  catch  ratios 
(inc  luding  interpolated  values)  for  discrete-depth  captures 
were  0.1:1  in  winter,  0.5:1  in  late  spring,  and  26.7: 1  in  late 
summer  (Table  29).  Except  for  adults  in  late  spring,  which 
were  taken  in  verv  low  abundance,  ratios  for  the  develop¬ 
mental  stages  followed  the  overall  seasonal  trends,  d'he  most 
divergent  ratios  from  1:1  for  total  abundance  and  abun¬ 
dance  of  each  stage  occurred  in  late  summer,  when  tfiese 
values  were  at  a  maximum  (  fable  29). 


Table  29. — Seasonal  night  to  day  catch  ratios  of  Benthosema  suborbitale 
(AD  =  adult:  JUV'  =  juvenile;  SAD  =  subadult;  TOT  =  total  of  all  stages; 
*  =  no  catch  during  one  or  both  diel  periods). 


SEASON 

JUV 

SAO 

AO 

TOT 

WINTER 

0.1:1 

0.2:  I 

<0.1:1 

0.1:1 

LATE 

SPRING 

0.5:1 

* 

5.0:1 

0.5:1 

LATE 

SUMMER 

57.6:1 

31.4: 1 

7.8:1 

26.7: 1 

B.  suborbitale  seemed  to  be  concentrated  within  a  rather 
narrow  depth  range  day  and  night.  .Sampling  within  this 
range  at  one  diel  period  and  not  during  the  other  would 
result  in  greatly  different  catches.  Presumably,  this  was  the 
major  cause  for  the  observed  night-to-day  catch  ratios.  For 
example,  more  than  94  percent  of  the  night  catch  in  late 
summer  was  due  to  two  consecutive  samples  made  at  35  m 
that  c  aught  a  total  of  1  36  specimens  (Table  28).  Almost  the 
entire  difference  between  the  day  and  night  catches  in  late 
summer  was  due  to  these  two  samples. 

Diel  differences  in  net  avoidance  probably  had  little,  if 
any.  effect  on  night-to-day  catch  ratios  as  the  maximum  size 
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was  onlv  1*9  mm.  and  all  si/.es  showed  the  same  trend  in  am 
one  season. 

Bolinichthys  indicus 

This  medium-si/e  lanternfish  attains  a  size  of  45  mm  in 
the  Ocean  Acre  area.  A  bipolar  subtropical  species.  B. 
indicus  is  a  ranking  mvctophid  in  the  North  Atlantic  sub¬ 
tropical  region  (Bac  kus  et  al..  1977).  It  is  one  of  the  “verv 
abundant  "  lanternfishes  found  in  the  study  area,  being  the 
most  abundant  one  in  winter  and  among  the  twelve  most 
abundant  during  the  other  two  seasons  (Table  131).  liolin- 
ichthxs  indicus  was  represented  in  the  Ocean  Acre  collections 
In  3880  specimens:  2272  were  caught  during  the  paired 
seasonal  cruises.  1000  of  these  in  discrete-depth  samples, 
1  109  of  the  latter  in  none rcpuscular  tows  (  Table  23). 

l)t-:v TIOPMI.MAI.  Stages. — Post  larvae  were  4-12  nun. 
juveniles  10-24  nun,  subadults  19-40  mm,  and  adults  27- 
41  nun.  Most  juveniles  smaller  than  17  mm  could  not  be 
sexed.  and  most  of  those  larger  than  10  mm  had  small,  but 
recognizable,  ovaries  or  testes.  Some  larger  females  (over 
30  mm)  categorized  as  subadults  mav  have  been  postspawn¬ 
ing  adults  with  regenerated  ovaries.  There  was  no  apparent 
sexual  dimorphism  in  size  for  am  stage. 

Reproductive  (’.vole  and  Skasonai.  Abundance. — Bol¬ 
inichthys  indicus  apparently  has  a  one-year  life  cycle,  with 
onl\  a  few  individuals  surviving  many  months  bevond  a 
year.  Spawning  occurs  from  mid-spring  to  late  fall  with  a 
peak  in  late  summer.  This  species  was  most  abundant  in 
winter,  when  it  was  the  top  ranking  lanternfish,  and  juve¬ 
niles  and  subadults  had  their  greatest  abundance.  Postlarvae 
and  adults  were  most  abundant  in  late  summer.  In  late 
spring  total  abundance  and  abundance  of  all  stages  was 
lowest  (  fable  30). 

Adult-size  females  were  caught  throughout  the  year,  but 
enlarged  ovaries  w  ith  eggs  greater  than  0.2  111111  in  diameter 
were  observed  onlv  from  April  through  November.  At  all 
other  times  large  females  (over  29  mm)  had  relatively  small 
ovaries  with  eggs  mostly  less  than  0.1  mm  in  diameter.  The 
seasonal  distribution  of  adults  with  maturing  eggs  and  the 
great  abundance'  of  small  juveniles  (over  lb  mm)  in  late 

T  abi  c  90. — Seasonal  abundance  and  percent  of  total  abundance  (in  paren¬ 
theses)  lor  Btilmirhthyi  indicus  (Al)  =  adult;  JUV  —  juvenile;  PL,  =  postlarva; 
S  \l)  =  suhadult;  II)!  —  total.  T  he  figure  lor  abundance  is  die  sum  of  the 
i  ad  li  rates  lor  all  all-in  intervals,  with  interpolation  for  unsampled  intervals, 
at  the  diet  fseriod  showing  the  greatest  total  abundance). 


SEASON  PL  JUV  SAO  AO  TOT 


WINTER  0.610.2)  166.0(66.7)  78.2(31.8)  2 .9 (  1.2)  265.7 

LATE 

SPRING  0. 1(0.8)  1 .2  (  9.5)  8.6(68.2)  2.7(21.6)  12.6 

LATE 

SUMMER  13.6  (10.6)  75.0  (58.5)  12.5  (  9.8)  27.0  (21.1)  128. I 


summer  and  winter  indicate  a  protracted  breeding  season 
over  the  spring,  summer,  and  fall.  Approximately  95  per¬ 
cent  of  all  postlarvae  were  caught  from  July  through  Sep¬ 
tember.  suggesting  that  a  peak  in  spawning  intensity  occurs 
from  June  through  August.  Occasional  post  larvae  were 
taken  in  January.  June,  and  November.  Because  the  maxi¬ 
mum  abundance  of  juveniles  occurred  in  winter,  a  peak  in 
tbe  numbers  of  postlarvae  would  be  expected  in  November 
or  December,  but  was  not  indicated  bv  the  verv  few  samples 
made  in  those  months. 

In  winter  more  than  98  percent  of  the  population  con¬ 
sisted  of  juveniles  and  subadults  (Table  30).  Subadults  were 
spawned  earlv  (spring)  in  the  previous  breeding  season  and 
probable  would  spawn  in  the  coming  spring.  Juveniles 
mostly  were  spawned  the  previous  fall  and  would  be  ex¬ 
pected  to  breed  over  the  coming  summer  and  fall.  Bv  far 
the  greatest  abundance  of  juveniles  was  at  this  season, 
indicating  that  spawning  was  at  a  maximum  in  summer  and 
fall.  The  few  adults  caught  were  all  males  (Table  .31). 

Some  females  categorized  as  subadults  were  of  adult  size 
(larger  than  33  mm).  These  individuals  probably  spawned 
the  previous  summer  or  fall  at  about  one  year  of  age  and, 
perhaps,  would  spawn  again  the  coming  spring.  The  paucity 
of  large  fish  in  winter  indicates  that  most  of  the  population 
died  soon  after  spawning  at  about  one  year  of  age. 

Bv  late  spring  the  spaw  ning  season  had  arrived,  and  most 
subadults  and  the  few  adults  of  tbe  winter  population  had 
matured,  spawned,  and  died.  Recruits  from  the  spring 
spawn  were  not  yet  large  enough  to  be  adequately  sampled 
bv  the  gear  used.  Accordingly,  juvenile  abundance  was  at 
its  minimum  at  this  season  (Table  30).  Juveniles  of  the 
winter  population  now  presumably  were  mostly  subadults, 
but  a  few  were  adults.  The  latter  stages  comprised  nearly 
90  percent  of  the  catch  in  late  spring,  but  their  numbers 
were  verv  small.  This  low  abundanc  e  of  subadults  and  adults 
is  puzzling,  especially  in  light  of  the  fact  that  the  abundance 
of  adults  in  late  summer  is  greater  than  the  total  abundance 
of  all  stages  is  late  spring  (  Table  30). 

Almost  all  (97  percent)  fish  caught  in  late  summer  were 
either  smaller  than  20  mm  or  larger  than  29  mm.  Juvenile 

Table  31. — Nu  111  tiers  of* each  sex  for  eacli  stage  of  Bolinichthys  indicus  (AH 
=  adult;  F  =  female;  JUV  =  juvenile;  M  =  male;  SAO  =  subadult;  TOT  = 
total  of  all  three  stages;  asterisk  =  significant  differences  indicated  bv  Chi- 
square  test  (p  =  .05)). 
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ui  i  nils  from  ilit-  spring  spaun  dominated  t lit-  catc  h  and. 
logethei  with  post l.u  vac.  accounted  lot  about  70  percent 
ol  the  c  ate  1 1  (  Table  30).  The  group  of  larger  fish  was  made 
up  of  the  late-spawning  one-year-old  adults  and  a  lew 
subadults.  Large  females  (greater  than  33  nun)  categorized 
as  subadults  mac  have  spawned  already. 

Srx  Renos. — The  sexes  probably  are  equally  abundant 
at  all  seasons,  l  emalc-to-male  sex  ratios  were  1.1:1  in  w  inter 
1.2:1  m  late  spring,  and  1.0:1  in  late  summer.  None  of 
these  ratios  differs  significantly  from  equality.  Subadult 
females  were  more  numerous  than  subadult  males  at  each 
season,  and  adult  males  were  more  numerous  than  adult 
females  in  each  season.  The  only  statistically  significant 
difference  from  equality  was  for  subadults  in  winter  (Table 
21). 

VhRiitsi.  Distkiiu  i  ion. — Day-depth  range  in  winter 
was  .">1)1 -Sail  m  with  maximum  abundance  at  601-650  m, 
in  late  spring  601-800  m  with  a  maximum  at  On  1-700  in, 
and  m  late  summer  the  upper  30  ill  and  601-1  130  ill  with 
maxima  at  601-630  m  and  801-830  in.  At  night  most 
specimens  were  taken  in  the  upper  200  m  at  all  seasons, 
with  maxima  at  .31-100  m  in  winter  and  late  spring  and 
101-130  in  in  late  summer.  Some  fish  were  caught  deeper 
than  300  in  at  night  in  winter  and  late  summer:  most  were 
post  larvae  and  juveniles  (  fable  32). 

Stage  and  si/e  stratification  were  evident  in  both  winter 
and  late  summer  but  not  in  late  spring,  when  most  of  the 
catch  was  from  only  one  30-m  interval  both  day  and  night 
(Table  32).  During  the  elav  in  winter  and  in  late  summer, 
juveniles  were  found  throughout  the  vertical  range,  while 
the  older  stages  were  not  taken  at  the  shallowest  depths.  In 
late  summer  only  post  larvae  were  caught  in  the  upper  30 
m  and  only  postlarvae  and  juveniles  below  300  m  (Table 
32).  In  terms  of  size,  only  tile  smallest  specimens  were 
caught  m  the  shallowest  depth  interval  during  daytime  in 
w  inter  (all  smaller  than  1  3  mm)  and  late  summer  (all  smaller 
than  1  7  mm).  During  the  day  in  winter  there  was  very  little 
overlap  in  the  si/es  caught  at  301-630  m  and  from  below 
700  m.  More  than  OH  percent  of  the  catch  from  the  shal¬ 
lower  depths  was  smaller  than  21  nun,  while  more  than  93 
percent  from  the  deeper  depths  was  larger  than  22  nun.  In 
late  summer,  except  for  a  19  mm  juvenile,  all  fish  caught 
below  900  m  were  9-1  1  mill  (  fable  32). 

At  night  in  w  inter  juveniles  dominated  in  the  upper  100 
m  and  subadults  dominated  at  101-1 30  m.  Adults  were  not 
found  in  the  upper  I  00  m.  Migrant  juveniles  were  not  taken 
deepei  than  200  in.  and  the  older  stages  occurred  as  deep 
as  3.70  m.  In  late  summer,  except  for  a  single  specimen 
from  301  330  m,  |>ost larvae  were  found  only  in  the  upper 
30  m  and  below  830  hi.  file  remainder  of  the  population 
was  well  dispersed  vertically,  and  there  was  no  evidence  of 
stage  st  rat  i  lie  at  ion  in  the  migrant  element  of  the  population 
(  I  able  32). 

Size  stratification  was  not  as  pronounced  at  night  as  by 


day.  In  winter  all  fish  larger  than  30  111111  were  caught 
deeper  than  100  m,  and  in  late  summer  fish  caught  at  131  — 
300  m  had  a  greater  mean  size  than  those  from  shallower 
depths,  file  lew  specimens  caught  in  the  upper  30  m  in  late 
summer  were  [lost larvae  smaller  than  9  mm  (  fable  32). 

Rost  larvae  were  stratified  according  to  size  in  late  summer 
(and  probably  at  other  seasons,  but  there  are  few  data).  The 
smallest  ones  (-1-8  mm)  were  taken  only  at  the  surface  or 
I  roll  i  the  upper  30  m  both  day  and  night.  Those  9-12  mm 
were  taken  almost  exclusively  at  831-1000  m  and  did  not 
appear  to  migrate  (  fable  32).  Initial  development  of 
post  larvae  obviously  occurs  in  the  .shallow  layer;  at  a  size  of 
about  8  mm  they  descend  to  the  deeper  stratum,  yvliere 
they  continue  to  develop  and  transform  into  juveniles  be¬ 
fore  undertaking  regular  vertical  migrations. 

Diel  vertical  migrations  occ  urred  at  all  seasons,  but  only 
in  late  spring  were  all  night  captures  made  above  day  depths. 
Presumably  the  entire  population  at  that  season  consisted 
of  migrants.  About  34  percent  of  the  late  summer  popula¬ 
tion  and  8  percent  of  the  winter  population  remained  at 
day  depths  during  the  night.  Nonmigrants  were  mostly 
postlarvae  and  small  juveniles  (smaller  than  13  mm),  but 
inc  luded  a  feyv  subadults.  Regular  migratory  behavior  ap¬ 
parently  begins  at  a  size  of  1  1-12  mm;  all  juveniles  larger 
than  12  mm  were  migrants,  but  only  a  feyv  smaller  ones 
were  (  fable  32). 

I'pward  migrations  apparently  started  between  2  and  3 
hours  before  sunset  in  late  summer  and  between  1  and  2 
hours  before  sunset  in  winter.  Nocturnal  depths  were  oc¬ 
cupied  bv  one  hour  after  sunset  in  both  seasons,  giving 
upward  migration  times  of  about  3.5  hours  in  late  summer 
and  2.3  hours  in  w  inter.  These  estimates  of  migration  times 
yield  minimum  rates  of  200  m/hr  in  winter  (600  m  to  100 
m):  and  129  m/hr  (600  m  to  150  m  for  smaller  fish,  mean 
SI.  12.2  mm)  and  186  nt/lir  (800  to  150  m  for  larger  fish, 
mean  SL  23.4  nun)  in  late  summer  between  diurnal  and 
nocturnal  depths  of  maximum  abundance. 

Morning  downward  migrations  apparently  were  some- 
yvliat  faster  than  the  evening  ones.  Fish  were  caught  at  night 
depths  both  in  winter  and  late  summer  less  than  an  hour 
before  sunrise,  and  possibly  even  after  sunrise  (some  positive 
samples  started  before  sunrise  and  ended  after  sunrise).  Day 
depths  were  reached  about  2  hours  after  sunrise  in  late 
summer  and  about  1 .3  hours  after  sunrise  in  winter,  giving 
migration  times  of  about  2.5  hours  in  late  summer  and 
about  2  hours  in  winter.  Downward  migration  between 
night  and  day  depths  of  maximum  abundance  is  calculated 
to  oc  c  ur  at  minimum  rates  of  about  180  m/hr  (for  smaller 
fish,  mean  SI.  =  12.2  mm)  and  260  m/hr  (for  larger  fish, 
mean  SI.  =  23.4  nun)  in  late  summer  and  250  m/hr  in 
winter. 

Captures  made  at  several  intermediate  depths  about  the 
times  of  sunrise  and  sunset  at  both  seasons  indicate  that  the 
population  did  not  migrate  as  an  entity. 
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Table  32. —  Vertical  distribution  bv  intervals  of  Bolinichthys  xndicus  (AD  =  adult;  JUV  =  juvenile;  N 
=  number  of  specimens:  PL  =  postlarva;  SA  =  subadult;  SL  =  standard  length  in  111111;  TO  T  =  total;  X  = 
mean;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 
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Migration  times  and  rates  could  not  be  determined  for 
II.  inrlinis  in  late  spring  because  there  were  no  positive 
samples  at  dav  depths  near  the  times  of  sunset  and  sunrise. 

I’ a  1  ciiinfns. — Patchiness  bv  dav  was  noted  onlv  in  late 
summci  al  60  I  -650  in  and  801-850  m:  depths  at  which 
juveniles  (shallower),  and  subadults  and  adults  (deeper), 
respec  tivclv.  were  most  abundant  (  Table  32). 

Patchiness  was  more  prevalent  .it  night.  Significant 


clumping  was  noted  in  the  upper  100  m  and  at  151-200  m 
m  winter,  51-  1 00  m  in  late  spring,  and  51-1 00  111  and  151  — 
200  m  in  late  summer.  These  were  the  depths  of  maximum 
abundance  of  juveniles  in  winter,  of  juveniles,  subadults, 
and  adults  in  late  spring,  and  of  no  stage  in  late  summer. 
T.xc  c  pl  for  adults  in  winter,  the  three  older  stages  were  each 
caught  at  depths  where  c  lumping  was  indic  ated. 

Nigh  i  :1)ay  Catch  Ratios. — Night-to-day  catch  ratios. 
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I  abu  3.S. — Seasonal  night  to  dav  catch  ratios  of  Bolinichthys  indicus  (AO 
—  adult;  JtV  =  juvenile;  PI.  =  |>ostlarva;  SA1)  =  subadult;  TOT  =  total  of 
all  stages:  *  =  no  catch  during  one  or  both  die!  periods). 
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inc ’hiding  interpolated  values,  were  0.2:1  in  winter,  7.5:1  in 
late  spring,  and  0.4:1  in  late  summer  (Table  33).  Except  for 
post  larvae  in  winter  and  late  summer,  ratios  for  the  devel¬ 
opmental  stages  followed  the  overall  seasonal  trends.  The 
most  divergent  ratios  f  or  all  stages  except  juveniles  occurred 
in  late  spring  when  total  abundance,  as  well  as  that  of  each 
stage,  was  .it  a  minimum  (  Table  30). 

Significant  differences  in  total  dav  and  night  depth  ranges 
were  not  apparent  at  am  of  the  seasons  sampled,  eliminating 
compression  as  a  factor  in  the  differential  catch  rates.  If 
large  aggregations  were  present  in  narrow  depth  strata 
between  those  sampled,  abundance  estimates  would  be  too 
small.  Catch  data  from  oblique  samples  made  at  night 
indicate  that  this  was  not  the  case. 

Net  avoidance  mav  account  partially  for  the  observed 
discrepance  in  late  spring.  Few  juveniles  were  present  at 
that  time,  and  the  population  sampled  (postlarvae  not  in- 
cluded)  had  a  larger  mean  size  (27.2  mm)  than  either  that 
in  late  summer  ( 1  8.2  mm)  or  in  winter  (17.8  mm).  Both  the 
mean  and  maximum  sixes  of  day  captures  were  much 
smaller  than  those  of  night  captures  (20.3  vs  27.4  mm  and 
32  vs  40  mm,  respectively),  suggesting  increased  diurnal 
net  avoidance  bv  larger  subadults  and  adults  in  late  spring. 

Dav  and  night  si/e  ranges  were  almost  identical  at  the 
other  two  seasons,  and  the  mean  size  (not  including  post- 
larvae)  for  night  captures  was  greater  than  that  for  day 
c  aptures  in  winter  and  smaller  than  that  for  day  captures  in 
late  summer.  These  contradictory  data  indicate  that  differ¬ 
ential  net  avoidanc  e  probable  was  not  the  sole  cause  of  the 
dav-night  differences  in  winter  and  summer. 

Bolinichthys  photothorax 

This  moderatelv  large  spec  ies  reaches  maturity’  at  50-60 
mm  and  grows  to  about  73  mm  (Hullev.  1981).  I  he  Ocean 
Acre  collections  contain  la  specimens  (20-60  mm)  of  B. 
phntothorax.  whic  h  is  a  tropical-semitropical  species  found 
mainly  to  the  south  of  the  study  area  (Nafpaktitis  el  al.. 
1977).  The  species  probably  is  an  expatriate  in  Bermuda 
waters,  where  presumably  it  does  not  reproduce.  Juveniles 
were  30-46  mm.  subadults  44-57  mm.  and  the  only  adult 
la  male)  60  mm. 

Bnlinirh'h vv  phntothorax  is  a  "rare"  lanternfish  in  the  study 


area,  being  represented  by  15  specimens  in  the  collections 
(  Table  23).  Five  specimens  were  taken  in  discrete-depth 
samples:  in  w  inter  during  day  time  a  juvenile  at  60 1  -650  m, 
and  at  night  a  subadult  at  151-200  m;  in  April  at  night  a 
juvenile  from  151-200  m;  in  late  spring  during  the  day  a 
subadult  at  751-800  in:  and  in  late  summer  at  night  a 
juvenile  at  151-300  m.  In  late  summer,  open  Engel  trawls 
caught  eight  specimens  (40-60  mm),  six  from  the  upper 
200  m  at  night  and  two  from  maximum  depths  of  750-800 
m  during  daytime.  The  remaining  two  individuals  were 
caught  in  late  summer  in  open  1  KMT's  towed  at  maximum 
depths  of  550  m  at  night  and  750  m  at  dawn. 

Bolinichthys  supralateralis 

This  species,  a  questionably  tropical-subtropical  mycto- 
phid  in  the  Atlantic,  is  known  to  occur  in  tropical  and 
subtropical  waters  of  the  Indian  Ocean,  off  Australia,  and 
near  Hawaii  (Nafpaktitis  et  al.,  1  977).  It  isa  large  lanternfish 
reaching  1  17  mm  (Hulley.  1981);  maximum  length  in  the 
Ocean  Acre  collections  is  97  mm.  This  “uncommon"  lan- 
ternfish  was  represented  in  the  collections  by  a  total  of  107 
specimens.  36  from  I  KMT's  and  71  from  Engle  trawls.  Six 
of  the  1 6  specimens  taken  during  the  paired  seasonal  cruises 
were  caught  in  discrete-depth,  noncrepuscular  tows  (Table 
23). 

Developmental  Stages. — Juveniles  were  11-51  mm, 
subadults  39-91  mm,  and  the  single  adult  (a  female)  97 
turn.  Most  fish  smaller  than  30  mm  SL  could  not  be  sexed, 
but  most  of  those  larger  could.  The  adult  female  contained 
ova  up  to  0.3  mm  in  diameter,  but  most  were  0.I-0.2  mm. 
Johnson  (1975)  indicated  that  there  is  no  external  sexual 
dimorphism,  but  Nafpaktitis  et  al.  (1977)  noted  that  the 
si/e  of  the  infracaudal  luminous  gland  may  be  sexually 
dimorphic.  There  may  also  be  sexual  dimorphism  in  si/e. 
'The  four  largest  fish  (83-97  mm)  in  the  collections  yvere 
females;  the  largest  male  was  a  74  mm  subadult.  Because 
only  six  specimens  larger  than  70  mm  were  caught,  five  of 
which  yvere  subadults,  the  apparent  dimorphism  may  be  the 
result  of  the  paucity  of  large  specimens. 

Females  were  slightly,  but  not  significantly,  more  numer¬ 
ous  than  males  in  the  collections  (4  1  vs  32,  respectively;  chi- 
square  =  I .  I ,  p  nearly  equal  to  0.3). 

Reproductive  Cycle  and  Seasonal  Abundance. — 
The  reproductive  status  and  life  span  of  B.  supralateralis  in 
the  study  area  are  uncertain.  The  small  juveniles  (smaller 
than  20  mm)  and  adult  females  present  in  the  collections 
suggest  that  spawning  may  occur  near  Bermuda,  and  \.< 
size-frequency  distribution  (showing  three  size  classes,  si 
beloyv)  of  all  specimens  caught  in  late  summer  (including 
those  taken  by  the  Engel  trawl)  suggests  a  life  span  of  at 
least  two  years. 

Apparently  the  parent  population  lias  a  restricted  breed¬ 
ing  season.  Small  juveniles  (smaller  than  20  mm)  were 
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«  aught  <>nl\  in  late  summer  and  tail,  suggesting  that  spawn¬ 
ing  ni  t  urs  m  late  spring  to  early  summer. 

l  arge  fish  (larger  than  50  mm)  were  caught  in  February. 
April.  June,  and  August,  and  may  have  been  present,  but 
not  sampled,  throughout  t he  year,  file  ineffectiveness  of 
the  IKM  f  in  sampling  large  lisli  of  this  species  was  evident 
when  collections  taken  in  late  summer  were  compared  with 
the  Engel  traw  l  catches.  I  KMT  samples  f  rom  three  cruises 
i  onlained  I  b  lisli  1  2—42  nun,  with  only  the  largest  specimen 
in  excess  ol  20  nun.  and  K.ngel  samples  from  a  single  cruise 
contained  7  I  specimens  55-97  nun.  Presumably,  the  IKM T 
samples  large  lisli  equally  poorly  at  all  seasons. 

Specimens  caught  in  late  summer  comprise  at  least  three 
si/e  classes,  which  may  represent  spawning  classes:  recruits 
12-20  mm  caught  only  with  the  IKM  f:  55-74  nun  fish 
most  of  w  hich  probably  were  one  year  old:  and  91-97  m 
lisli  at  least  two  years  old.  The  intermediate  group  may 
have  two  si/e  classes  (55-54  mm  and  50-77  nun),  but  there 
were  too  few  specimens  to  be  certain. 

Ykrticai.  Distribution. — One  fish  was  caught  in  a  dis¬ 
crete-depth  day  sample  at  00 1  -650  m  in  late  summer.  Night 
depths  ol  occ  urrence  were  701-750  m  in  winter  and  20 1  — 
500  in  in  late  summer.  All  positive  Engel  collections  were 
from  deeper  than  650  m,  both  day  and  night. 

Apparently  lisli  larger  than  about  55  mm  undergo  little, 
il  any,  cli— I  shift  in  depth:  all  such  specimens  were  taken  in 
nets  that  fished  deeper  than  650  tn.  Smaller  individuals 
( I  2-  1  0  mm)  may  be  vertical  migrants  in  late  summer.  Some 
were  taken  at  201-500  tn  at  night  and  others  were  caught 
below  450  in  by  dav  and  during  crepuscular  periods. 

Centrobranchus  nigroocellatus 

This  slender-tail  species  is  found  between  about  40°N 
and  5 5 ° S  in  the  Atlantic  Ocean,  where  it  is  a  questionably 
tropical-subtropical  species  (Backus  et  al.,  1977),  in  the 
Indian  Ocean  between  5°  and  26 °S  (Nafpaktitis  and 
Nalpaktitis.  1969).  and  in  the  South  Pacific  Ocean  (Crad¬ 
dock  and  Mead.  1970;  VVisner,  1976).  It  is  moderate  in  size, 
grow  ing  to  IS  mm  in  parts  of  its  range  (Nafpaktitis  et  al., 
1977).  I  he  largest  spec  imen  in  the  Ocean  Acre  collections 
is  55  mm. 

C.entrobranchus  nigroocellatus,  a  "common"  lanlernfish  in 
the  stuck  area,  was  included  in  the  twenty  most  abundant 
lanlet nfishes  only  in  late  spring,  when  it  ranked  eighth 
(  I  able  25).  Most  fish  were  taken  at  the  surface  by  night.  A 
total  of  527  spec  imens  was  caught.  Slightly  more  than  91 
pen  cut  ol  the  fish  taken  on  the  paired  seasonal  cruises  (589 
ol  the  154  collected)  we  re  from  neuston  samples.  Only  29 
individuals  were  taken  in  discrete-depth  samples  made  be¬ 
low  the  surface.  25  ol  these  from  none  repuscular  times. 

Dtvn.ot’MKMAi  Stacks. — Post  larvae  were  4-12  mm. 
juveniles  12-20  mm,  subadults  18-55  mm,  and  adults  28- 
55  mm.  Several  large  females  (larger  than  50  nun)  catego¬ 


rized  as  subadults  had  reduc  ed,  flaccid  ovaries  and  appar¬ 
ently  were  spent  adults.  Nalpaktitis  et  al.  (1977)  reported 
that  nigroocellatus  reaches  sexual  maturity  at  about  54 
mm.  nearly  the  maximum  size  attained  by  the  Bermuda 
population,  suggesting  geographic  variation  in  both  size  at 
maturity  and  maximum  si/.e  lor  the  species.  Subadult  and 
adult  males  have  supracaudal  luminous  tissue,  and  females 
ol  the  same  stages  have  mlr.icaucl.il  luminous  tissue.  There 
may  also  be  a  sexual  dimorphism  in  si/e.  Only  females  were 
greater  than  52  mm.  but  the  mean  si/.e  of  subadults  and 
adults  combined  was  similar  for  both  sexes  (males  25.0  mm. 
females  24.5  nun). 

Rkproi>it:tivk  C.yci.k  and  Skasonai.  Ablndanc.k. — 
This  species  lives  about  a  year.  Spawning  probably  takes 
place  from  fall  to  summer  w  ith  a  peak  in  intensity  in  spring. 
Abundance  was  greatest  in  late  spring,  shortly  after  the 
peak  in  spawning  intensity,  when  recruits  dominated  the 
catch.  In  late  summer  total  abundance  and,  except  Im¬ 
post  larvae.  abundance  of  all  stages  was  least. 

The  w  inter  population  was  predominantly  subadults,  with 
juveniles  and  adults  less  and  about  equally  abundant  (  Table 
54),  The  few  juveniles  caught  were  mostly  20  mm  and 
smaller  and  probably  represented  the  earliest  spawn.  Most 
subadults  presumably  would  ripen  and  spawn  in  spring. 

By  late  spring  the  peak  in  spawning  was  past,  and  the 
catch  was  dominated  by  juvenile  recruits  20  nun  and 
smaller.  Most  of  the  winter  population  had  spawned  and 
died.  The  abundances  of  subadults  and  adults  showed  little 
change  from  their  winter  levels  (Table  54).  Some  earliest 
spawned  recruits  were  now  subadults,  some  recently  spent 
adults  were  categorized  as  subadults,  and  the  smallest 
subadults  of  winter  were  just  maturing.  Postspawning  mor¬ 
tality  was  ev  ident  in  the  reduced  abundance  of  25-55  mm 
fish  from  that  in  winter. 

In  late  summer  all  stages  were  at  or  near  their  yearly 
minimum.  The  reduced  abundance  of  larger  fish  is  under¬ 
standable.  and  probably  is  attributable  to  postspawning 
mortality,  with  none  of  the  recent  recruits  having  yet  grown 
large  enough  to  replace  them.  However,  the  low  abundance 
of  all  stages  (  Table  54)  and  sizes  is  perplexing  and,  clearly, 
is  incongruous  with  the  greater  abundance  of  larger  fish  in 
w  inter.  There  is  no  ev  idence  of  additional  spawning  from 
late  summer  to  w  inter,  and  the  increased  winter  abundance 
cannot  be  accounted  for  in  that  wav.  Fishing  effort  at  the 
surface  was  least  in  late  summer,  which  may  account  for  the 
small  catc  h.  However,  only  2  of  14  nocturnal  surface  tows 
captured  the  species  in  late  summer,  by  far  the  lowest 
proportion  of  positive  neuston  samples.  This  may  be  due  to 
light  conditions.  It  is  well  known  that  neuston  species  are 
not  taken  at  the  surface  on  well-lighted  nights.  Unfortu¬ 
nately.  there  are  not  enough  observations  on  moon  phase 
or  c  loud  cover  to  pursue  this  in  greater  detail. 

Srx  Ratios. — The  sexes  were  about  equally  numerous 
in  late  spring  and  late  summer,  and  males  were  much  more 
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Tabu  — Seasonal  abundance  and  percent  of 'total  abundance  (in  paren¬ 
theses)  lor  C.entrobranchus  mgroocellatus  (AD  =  adult;  JVV  =  juvenile;  PI. 
=  f>osi larva;  SAD  =  subadult;  TOT  =  total.  The  figure  lor  abundance  is 
the  sum  of  the  catch  rates  for  all  50-m  intervals,  with  interpolation  for 
unsampled  intervals,  at  the  cliel  period  showing  the  greatest  total  abun¬ 
dant  e). 


SEASON 

Pi 

JUV 

SAO 

AD 

TOT 

WINTER 

0 

o.l*  (  1* . 5) 

8.0(90.9) 

o.M  1..5) 

8.8 

LATE 

SPRING 

0 . 3  (  1.2) 

16.1*  (68.3) 

7.1 (29.6) 

0.2 (  0.8) 

21*. 0 

LATE 

SUMER 

0.3(11*.  3) 

0.8  (38. 1) 

1 .0(1*7. 6) 

0 

2.  1 

TabI  k  35. —  Numbers  ol  c*ac  h  sex  for  each  stage  of  C.entrobranchus  mgroo- 
eellalus  (Al)  —  adult;  F  ~  female*:  jl'V  —  juvenile;  M  =  male;  SAD  = 
subadull;  IDT  =  total  of  all  three  stages;  asterisk  =  signific  ant  differences 
indic  ated  b\  Thi-scjuare  test  (p  =  .05)). 
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2 
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<4 

56 
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101 

83 

50 

i<7 

2 

3 

153 

133 

SUMMER 

10 

9 

1 

6 

0 

0 

10 

15 

Tabu  3b. — Vertical  distribution  bv  50-m  intervals  of  C.entrobranchus  nigroocellatu. s  (AI)  =  adult;  JUV  = 
juvenile;  N  =  number  of  specimens;  PI.  =  postlarva;  SA  ~  subadult;  SI.  —  standard  length  in  mm;  TOT  = 
total;  X  =  mean;  blank  spac  e  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  w  ithout 
intet  )x>lated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 
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1  AB,  v  37.  —  Number  of  specimens  per  hour  of  Centrobranchus  nigroocellatus  in  neuston  samples  made 
approximately  between  sunset  and  sunrise  local  time  (dash  ”  no  samples  made). 
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numerous  than  females  in  winter,  with  male-to-female  sex 
ratios  ol  1.2:1.  0.7:1.  and  1  respectively  (Table  33). 
|uvenile  males  were  more  numerous  than  juvenile  females 
at  all  three  seasons,  but  not  significant Iv  so.  Male  subadults 
were  more  numerous  than  female  subadults  in  late  spring 
and  w  inter,  with  onlv  the  latter  difference  being  significant. 
Onl\  ten  adults  were  caught  during  the  paired  seasonal 
cruises. 

Vertical  Distribution. — Dav  catches  in  all  seasons 
were  pool:  a  total  of  12  fish  was  collected  in  the  three 
seasons  combined.  Combining  dav  samples  from  the  three 
seasons  yields  a  depth  range  of  301-800  m,  with  most  fish 
taken  at  301-030  m.  Night  captures  were  made  mostly  at 
the  surface,  but  in  each  season  a  few  fish  (less  than  3)  were 
taken  between  31-200  m.  Nothing  could  be  determined 
about  stratification  according  to  stage  or  si/e. 

Apparently,  most  fish  beyond  the  transformation  stage 
migrate  on  a  regular  basis,  as  all  night  captures  were  from 
the  upper  200  m  In  late  summer,  fish  11-13  mm  were 
taken  only  by  day.  1  heir  absence  from  neuston  samples  at 
night  might  be  clue  to  nonmigratorv  behavior,  but  they 
were  not  taken  at  day  depths  either,  and  fish  that  size  were 
taken  in  neuston  nets  in  the  other  two  seasons  (  Table  30). 

Surface  waters  were  occupied  no  later  titan  about  one- 
half  hour  titter  sunset  in  each  season.  Catch  rates  for 
nigmoreHatus  taken  in  neuston  samples  at  hourly  intervals 
are  given  in  Table  37.  In  January  1971  C.  nigroocellatus  was 
taken  at  the  surface  between  1.0  and  1.3  hours  before 
sunse  t  (not  shown  in  Table  37).  In  June  1972  and  August- 
Sept ember  1971  the  species  was  taken  in  neuston  samples 
made  between  about  the  time  of  sunset  and  one-half  hour 
alter  sunset. 

Patchiness, —  Patchness  was  indicated  on  the  surface  at 
night  in  all  three  seasons.  In  late  summer  two  of  14  noncre- 
piisc  u'n  samples  captured  it  single  fish  each  (there  were 
other  positive  samples  taken  in  the  evening  and  morning 
crepuscular  periods),  which  may  indicate  a  low  population 
density  rather  than  it  patch  distribution,  fable  37  shows 
that  the  abundance  at  the  surface  changed  during  the  night 
in  w  intei  ( Januai  v-March)  and  spring  (June).  This  temporal 
change  in  abundance,  which  was  especially  prominent  in 
winter,  may  be  the  major  factor  affecting  the  CD  value. 

Nit ;n  i  :I)ay  ( i.vK.ii  Ratios.— Night  catches  were  greater 


Icbic  .SB.  ■-  Seasonal  ni«hi  lc>  d.n  oilcl)  ratios  ol  Cenlrobronchus  mgroocel- 
Intin  (Alt  =  adult:  |I  V  =  juvenile-;  PI.  =  postlarva;  SAL)  —  subaclult;  TOT 
-  toial  ol  all  stages;  *  =  no  c  alc  h  during  one  or  troth  tliel  periods). 
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than  day  t  itle  lies  at  each  season,  with  c  atc  h  ratios  Of  2.3:1 
in  late  summer,  3.2:1  in  winter,  and  12.6:1  in  late  spring. 
At  each  season,  the  catch  of  all  stages  and  most  sizes  taken 
was  greater  at  night  than  bv  day  (  fable  38). 

I  he  small  number  taken  in  the  Isaccs-Kidel  trawl  (and 
nonneuston  traw  ls  in  general)  indicates  that  nigroocellatus 
avoids  trawls  e|uite  well  at  all  times.  This  is  the  major  factor 
for  the  observed  night-to-duv  catch  ratio. 

Ceratoscopelus  maderensis 

This  species  is  found  in  the  North  Atlantic  Ocean  and 
Mediterranean  Sea  (Bolin,  19.39),  where  it  is  distributed  in 
a  temperale-semisubtropical  pattern  (Backus  et  af.  1977). 
The  species  ranges  as  far  north  as  Iceland  (Bolin,  1939), 
and  its  southwestern  limit  is  approximated  by  the  Gulf 
Stream  edge  (Backus  et  al..  1970),  placing  the  study  area 
outside  of  its  normal  range.  This  moderately  large  species 
is  known  to  grow  to  a  size  erf  about  70  mm  in  the  North¬ 
western  Atlantic  slope  water  (Krueger  et  al.,  1973:  Jahn, 
1976)  and  in  the  Mediterranean  (Goodyear  et  al.,  1972); 
maximum  size  is  81  mm  (Huiley,  1981);  maximum  size  in 
the  Ocean  Acre  collec  tions  is  29  mm.  It  is  a  “common’' 
lantern  fish  in  the  study  area,  being  represented  in  the 
collections  by  a  total  of  489  fish,  90  of  which  are  from  the 
paired  seasonal  cruises.  Discrete-depth  samples  account  for 
47  specimens.  36  of  these  from  noncrepuscular  tows  (  fable 
23). 

REPRODUCTIVE  CvCI.K  AND  SEASONAL  ABUNDANCE. — C.er- 
atoscopelus  maderensis  is  an  expatriate,  presumably  not  ca¬ 
pable  of  development  or  prolonged  survival  in  the  Ocean 
Ac  te  area.  About  23  percent  of  the  transformed  specimens 
taken  wete  examined  for  developmental  stage  and  sex.  All 
were  juveniles  and  only  two  had  recognizable  ovaries  or 
testes. 

Almost  all  specimens  (47.3)  are  from  collections  taken 
from  July  through  October.  The  species  is  virtually  absent 
during  the  remainder  of  the  year.  These  data  imply  that 
the  species  is  carried  into  the  area  from  the  spawning 
grounds  to  the  north  and  that  young  individuals  die  soon 
after  arrival. 

The  appearance  of  171  postlarvae  in  the  study  area 
suggests  that  spawning  occurs  nearby.  However,  it  is  possi¬ 
ble  that  eggs  are  carried  to  the  south  (perhaps  in  cold  core 
eddies)  after  they  are  spawned  and  continue  to  develop 
until  conditions  become  unfavorable.  All  but  two  postlarvae 
were  taken  during  a  single  cruise  in  July  1968.  The  remain¬ 
ing  two  were  taken  in  late  spring  (June).  Presumably  this 
reflects  a  spawning  peak  in  the  parent  population  sometime 
in  late  spring  and  early  summer,  which  is  similar  to  that  of 
maderensis  in  the  Mediterranean  Sea  ( I  aaning.  1‘)  18; 
Goodyear  et  al..  1972).  Jahn  (1976)  has  shown  that  the 
species  has  a  strong  preference  for  slope  water  and  has 
indic  ated  that  it  probably  does  not  spawn  successfully  in  the 
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mmlimi  Sargasso  Sea.  The  present  data  support  the  latter 
i  ontent ion.  The  species  was  moderately  abundant  in  late 
summer,  absent  in  winter,  and  scarce  in  late  spring  (Table 

3!t>. 

\  friicai  Disi  ribi HON. —  Dav  depths  of  on  urrence  in 
late  summer  woe  73  1-1000  m  with  a  maximum  abundance 
at  7.3 1  -S00  m.  In  late  spring  a  single  specimen  was  taken 
at  301-330  m.  Depth  range  at  night  in  late  summer  was 
33-230  m  and  031-1000  in  with  a  slight  peak  at  31-100 
m.  In  kite  spring  a  single  specimen  was  caught  at  30  m 
(  I  able  30). 

Small  juveniles  apparently  do  not  migrate  regularly.  At 


night  in  late  summer  about  half  of  the  catch  came  from  day 
depths  (  fable  30).  All  nonmigrants  were  less  than  20  nun. 
The  smallest  migrant  was  IS  mm.  Apparently.  C  maderensis 
does  not  migrate  until  a  si/e  of  approximately  10  mm  is 
attained,  flood  year  et  al.  (1072)  showed  that  a  similar 
situation  exists  in  the  Mediterranean  Sea.  Postlarvae  were 
taken  at  or  near  the  surface;  most  were  from  oblique 
samples. 

Night: Day  Catch  Ratios. — The  smaller  catch  taken  at 
night  than  by  dav  in  late  summer  (0.4:1)  may  be  due  to  the 
greater  range  of  depths  occupied  at  night.  Avoidance  prob¬ 
ably  is  not  a  factor,  as  the  largest  fish  caught  in  discrete- 


fAtur  39.  —  Vertical  disc,  ibution  by  50-til  intervals  of  Ceratoscopelus  maderensis  (AD  =  adult:  I I  V  = 
juvenile:  N  —  number  of  specimens;  PI.  =  postlarva:  SA  =  subadult;  SL  —  standard  length  in  mm;  TO!'  = 
total,  X  =  mean;  blank  spare  in  column  =  no  catch  in  a  sampled  interval:  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  w  ith  interpolated  catch). 
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<lrplh  samples  is  2.')  mm.  ()nl\  two  specimens  wore  taken  in 
(Iim  t ete-clcpt It  samples  in  late  spring. 

Ceratoscopelus  warmingii 

l  lns  is  a  moderately  large  spec  ies  growing  to  81  mm 
( I  lullev.  I  98  1 ):  maximum  si/e  in  the  Ocean  Acre  collections 
was  75  mm.  A  ubit|uitous  tropical-subtropical  species, 
warmingii  is  a  dominant  lanternlish  bound  in  the  North 
Atlantic  subtropical  region  (Backus  et  al..  1977).  Near  Ber¬ 
muda.  warmingii  is  one  ol  the  "abundant"  myctophids, 
being  among  the  eight  most  abundant  at  each  ol  the  three 
seasons  sampled  (Table  191).  A  total  of  4689  specimens  was 
caught.  1  8b2  were  taken  during  the  paired  seasonal  cruises, 
with  1226  of  these  from  discrete-depth  samples,  818  of 
which  were  from  none  repuscular  tows  (Table  28). 

Dkvki.opmkvi  ai.  S  i  acts. — Post  larvae  were  5-18  mm, 
juveniles  15-41  mm.  subadults  55-26  mm,  and  adults  43- 
75  mm.  juveniles  smaller  than  25  mm  could  not  be  sexed; 
most  of  those  25-35  mm  and  all  huger  one's  were  sexecl. 
( )f  those  ealegori/ed  its  subadults,  females  larger  than  about 
55  mm  and  males  larger  than  about  45  mm  may  have  been 
spent  or  recovering  adults.  Sexual  dimorphism  in  size  is 
apparent  in  the  three  older  stages,  with  adult  females  (53- 
75  mm)  averaging  nearly  10  mm  larger  than  adult  males 
(43—55  mm).  Adult  females  contained  ova  as  large  as  0.5 
mm  in  diameter,  but  most  eggs  were  0.2-0. 3  mm.  Lumi¬ 
nous  tissue  (other  than  photophores),  for  which  no  sexual 
dimorphism  was  apparent,  was  developed  on  fish  22-29 
nun.  si/es  6-13  mm  smaller  than  reported  by  Nafpaktitis  et 
al.  (1977). 

Reproductive  (  .yci.f  and  Skasonai.  Abundance. — Cer- 
atnsrnpelus  warmingii  apparently  hits  a  one-year  life  cycle. 
Spaw  ning  takes  place  from  spring  to  fall,  perhaps  extending 
into  winter,  with  a  peak  in  hue  spring.  Most  individuals  live 
about  ;t  year  and  appatenilv  some  live  longer,  perhaps  as 
long  as  two  years.  Abundance  was  lowest  in  hue  spring, 
although  all  stages  except  juveniles  had  their  greatest  abun¬ 
dance  then  (Table  40).  In  both  hue  summer  and  winter 
total  abundance,  which  was  dominated  in  juveniles,  was 
about  6<l  pete  cut  greater  than  that  of  hue  spring. 

I  a  hi  v  10. — Seasonal  abundance  and  jjerccnt  of  total  abundance  (in  paren¬ 
theses)  for  (.ertito\copflus  irarmingu  (AI)  =  adult;  Jl. V  =  juvenile;  PL.  = 
postl.uva:  SAD  =  subadult:  I  O  I  =  total.  The  figure  for  abundance  is  the 
sum  ul  die  catch  tales  fur  all  30-m  intervals,  with  interpolation  for  unsam¬ 
pled  intei \als.  at  the  die!  jx  riod  showing  the  greatest  total  abundance). 
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Adull-si/e  females  were  caught  at  a  1 1  seasons,  hut  only 
from  April  to  October  did  am  of  them  have  enlarged 
ovaries  that  either  coni  aim'd  ova  0.2  nun  or  larger  oi  looked 
spent.  There  is  some  indication  that  spawning  may  not  occur 
continuously  from  spring  to  fall.  None  of  the  adult-size 
females  (i;>8  specimens)  taken  in  July  had  large  eggs  (all  were 
less  than  0.1  mm),  and  most  of  them  appeared  to  he  in  a 
j  lost  spa  wiling  condition. 

Although  they  occurred  over  much  of  the  year,  post¬ 
larvae  were  most  common  from  (tine  to  Oc  tober;  less  than 
5  percent  of  the  total  came  from  collections  made  at  other 
times.  They  were  most  numerous  in  July,  when  nearly  half 
the  total  number  were  caught.  Small  juveniles  (smaller  than 
25  mm)  were  abundant  in  late  summer  and  winter  but 
virtually  absent  in  late  spring.  Juveniles  of  all  sizes  made  up 
nearly  90  percent  of  the  catch  in  late  summer.  80  percent 
m  winter,  and  slightly  more  than  10  percent  in  late  spring 
(  Table  40). 

The  catch  in  late  spring  was  dominated  by  subadulls  and 
postlarvae,  which  together  accounted  for  75  percent  of  the 
catch.  Juveniles  and  adults  were  less  and  about  equally 
abundant  (Table  40).  Adults  were  more  than  three  times  as 
abundant  in  late  spring  as  in  the  other  two  seasons.  This, 
together  with  the  maximum  abundance  of  subadults,  sug¬ 
gests  that  spawning  was  at  or  approaching  a  peak.  The 
presence  of  fair  numbers  of  postlarvae  show  s  that  spaw  ning 
commenced  earlier  in  the  spring.  The  paucity  of  juveniles, 
especially  those  smaller  33  mm,  indicates  that  minimal 
spawning  occurred  over  winter. 

Larger  fish  in  late  spring  showed  strong  sexual  dimorph¬ 
ism  in  size.  All  those  smaller  than  43  nun  were  males,  and 
all  but  two  larger  than  50  mm  were  females  (males  were 
33-54  nun.  and  females  44-60  nun).  Presumably,  most  of 
the  larger  fish  of  each  sex  were  about  a  year  old  and  bad 
spawned  recently  or  would  spawn  soon  Smaller  fish  prob¬ 
ably  were  spawned  the  previous  fall  and  had  not  vet  grown 
to  adult  size.  Males  larger  than  about  50  mm  and  females 
larger  than  about  55  mm  may  have  been  more  than  one 
year  old. 

Recruits  from  the  spring  spawn  dominated  the  catch  in 
kite'  summer.  Juveniles  accounted  for  more  than  87  percent 
of  the  catch  at  night,  with  those  17-26  mm  accounting  for 
more  than  68  percent  and  those  27-40  mm  an  additional 
19  percent.  Post  larvae  made  up  about  half  of' the  remaining 
catc  h  (  Table  40).  The  largest  juveniles  probably  represent 
the  vanguard  of  the  spring  spawn,  and  the  smaller  group 
presumably  was  spawned  near  the  peak  in  June.  The  re¬ 
duced  abundance  ol  large  fish  (subadults  and  adults  com¬ 
bined  were  about  one-sixth  as  abundant  as  tliev  were  in  late 
spring)  suggests  that  most  spawning  already  had  occurred. 
M  ist  subadulls  and  adults  caught  in  late  .summer  were  later 
spaw net  s  approaching  one  year  in  age.  Some  larger  males 
(larger  than  55  mm)  probably  were  more  than  one  year  old 
and  presumable  had  spawned  in  the  spring. 
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Wiltin'  collections  were  dominated  by  recruits  from  the 
fall  spawn,  with  fish  smaller  than  26  mm  comprising  more 
than  50  percent  of  the  night  catch  (these  fish  were  poorly 
sampled  during  the  da\ ).  The  catch  of  fish  smaller  than  2(1 
mm  at  night  in  winter  was  about  two-thirds  that  of  the  night 
■anh  of  fish  of  the  same  si/e  in  late  summer,  which  is 
assumed  to  retied  a  decrease  in  spawning  intensity  between 
spring  and  fall.  A  peak  at  17  mm,  representing  recently 
transformed  fish,  was  entirely  due  to  the  catch  in  January 
and  was  not  seen  in  late  February.  If  the  latest  spawning 
oicurred  in  Oc  tober -November,  development  to  the  juve¬ 
nile  stage  took  between  two  and  three  months.  Larger 
juveniles  (25-35  mm)  caught  in  winter  probably  were 
spaw  net l  the  pres  ions  late  spring  and  were  7-8  months  old. 
Sexual  dimorphism  in  si/e  was  evident  in  these  larger  juve¬ 
niles.  and  females  were,  on  the  average,  larger  than  males 
(88.(1  \s  80.8  mm).  Most  winter  subadults  would  be  the 
earliest  spaw  tied  and  be  about  9-  1 0  months  old.  Fish  larger 
than  .Vs  mm  were  .ill  females  and  may  have  been  in  their 
second  sear,  perhaps  some  of  the  larger  males  also  were. 
Most  of  these  larger  fish  presumably  had  spawned  during 
the  pres  ions  season. 

St  \  Ry  t  ins. — Significant  dif  ferences  from  equality  were 
noted  for  subadults  at  all  seasons,  males  being  more  numer¬ 
ous  in  late  spring  and  late  summer  and  females  in  winter, 
with  total  male-to-female  sex  ratios  of  2.6:1,  1.5:1.  and 
0.8: 1 .  respectively  (Table  1 1 ). 

The  difference  observed  in  late  spring  may  be  clue,  at 
least  m  part,  to  a  spatial  segregation  between  the  sexes  at 
certain  depths  and  times.  F.xcluding  postlarvae,  48  speci¬ 
mens.  mostly  subadults,  were  caught  at  about  50  m  between 
0200  hours  and  sunrise:  the  45  that  could  be  sexed  were 
males.  In  winter  at  about  100  m  at  the  same  time  discrete- 
depth  samples  caught  228  fish,  mostly  unsexablc  juveniles; 
ol  the  5b  that  could  be  sexed,  52  were  females  (60  percent 
were  juvenile's  and  40  percent  subadults).  Samples  from 
about  100  m  between  0200  and  0800  hours  in  late  spring 
and  between  2100  and  2400  hours  in  winter  contained 
about  equal  numbers  of  each  sex.  indicating  that  spatial 
se  gregation  between  males  and  females  did  not  occur  at  all 
depths  and  limes.  I  nfortunatclv,  t  ft  is  matter  could  not  be 

t  \HI  t  1 1  —  N  u iii  1k1  i  s  ot  c.ic  ti  sex  tor  each  stage  ot  ( .rratoscopelus  warmmgu 
I  \11  =  ac  t  it  It :  t  =  female:  |l  \  —  juvenile:  \f  =  male:  SAD  =  suhaclult: 
t()(  =  lolal  ol  alt  three  stages  significant  elilterenees  indicated  by  Chi- 
s'l'iare  lest  slum  n  tn  a  single  asiet  ,.,k  ( j>  =  .(tat  or  nvo  asterisks  (p  =  .01 )). 
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pursued  in  greater  detail  because  most  large  samples  in 
winter  and  late  summer  contained  relatively  few  sexablc 
fish,  and  in  late  spring,  when  nearly  all  fish  could  be  sexed, 
most  positive  samples  contained  fewer  than  10  specimens. 

Vkri  icai.  Distribution. — Day  depths  of  occurrence  in 
winter  were  601-1550  m  with  maximum  abundance  at 
1001-1200  m,  in  late  spring  50-100  in,  851-400  m,  and 
65 1-1  100  m  w  ith  a  maximum  at  1 05 1-11  00  m,  and  in  late 
summer  751-1150  m  with  a  maximum  at  801-850  m. 
Night  depths  in  winter  were  20-200  in,  801-900  m,  and 
scattered  between  801  and  600  m.  with  maximum  abun¬ 
dance  at  51-100  m  and  a  secondary  concentration  at  801- 
900  m.  In  late  spring,  night  depths  were  50-100  m  and 
scattered  at  451-800  and  951-1000  m,  with  a  maximum 
at  50-100  m.  In  late  summer,  niglu  depths  were  88-200 
m.  851-1000  nt.  and  scattered  betyveen  801  and  700  m, 
with  a  maximum  at  51-100  m  (T  able  42). 

Fish  caught  at  601-650  m  during  the  day  in  winter 
actually  may  have  been  migrants.  F.leven  other  daytime 
samples  taken  betyveen  580  and  850  m  failed  to  capture 
warmingii.  The  only  positive  sample,  which  caught  five 
specimens,  was  made  near  the  evening  crepuscular  period. 
The  two  following  crepuscular  samples  during  the  same 
trayvl  had  even  larger  catches  (80  and  39  specimens  per 
hour). 

Stage  stratification  was  evident  day  and  night  in  late 
summer  and  during  the  day  in  late  spring.  Size  stratification 
was  evident  day  and  night  at  all  three  seasons. 

During  the  day  in  late  summer  the  vertical  range  of 
juveniles  encompassed  that  of  other  stages,  but  juveniles 
were  concentrated  at  the  upper  limit  of  their  range,  which 
yvas  shallower  than  the  adult  range  and  at  the  shallow  end 
of  the  subadult  range.  Both  subadults  and  adults  were  rather 
uniformly  distributed  vertically.  In  late  spring  only  post¬ 
larvae  were  found  shallower  than  950  m  during  the  day 
(Table  42). 

Si/e  stratification  by  day  was  well  developed  in  late  spring 
and  late  summer,  and  yvas  weakly  developed  in  winter.  In 
late  spring  all  fish  caught  above  900  m  were  postlarvae  7- 
16  mm,  those  from  950-1000  m  were  14-50  mm,  and 
those  from  1051-1  100  m  yvere  all  greater  than  36  mm.  In 
late  summer  more  than  95  percent  of  the  catch  from  751- 
850  m  was  15-22  mm,  and  all  fish  from  greater  depths 
yvere  larger  than  22  nun.  The  mean  size  of  the  catch  from 
751-850  m  yvas  less  than  20  mm;  from  greater  depths  it 
yvas  more  than  30  mm.  In  winter  the  smallest  fish  caught 
during  the  day  yvere  all  front  60  1  -650  m  but.  as  suggested, 
these  may  have  been  migrants.  Fite  catc  h  at  1001-1050  m 
averaged  at  least  3  mm  smaller  than  that  from  deeper  50 
m  intervals  (Table  42). 

At  night  in  late  summer  only  postlarvae  and  juveniles 
were  caught  above  50  in.  At  that  season  the  catch  from  the 
upper  50  m  yvas  1  7-26  mm  (only  one  specimen  larger  than 
20  mm):  at  5  I  -200  m  it  yvas  8-63  mm  (only  two  larger  than 
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Table  42. — Vertical  distribution  bv  50-m  intervals  of  C.eratoscoprlus  warmingii  (AD  =  adult;  JU  V  =  juvenile; 
N  =  number  of  specimens;  PI.  =  postlarva;  SA  =  subadult;  SL  =  standard  length  in  mm;  TOT  =  total;  X 
=  mean;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  -  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 
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50  mm);  and  al  da\  depths  (nonmigrants)  it  was  15-18  mm. 
()til\  five  specimens  were  caught  at  intermediate  depths. 
I  he  mean  si/e  ol  the  catch  <it  80-50  m  and  851-1000  m 
was  distinctly  smaller  than  that  at  51-200  in,  where  most 
ot  the  catch  was  taken  (  Table  42). 

In  late  spring  more  than  95  percent  of  the  night  catch 
from  the  upper  50  m.  and  only  about  50  percent  of  that 
from  51-100  m.  was  45  mm  or  smaller.  All  fish  larger  than 
54  in m  were  caught  at  51-100  in.  The  mean  size  of  the 
catch  at  51-1 00  in  was  1  8.0  mm  larger  than  from  the  upper 
50  m  (  Table  42). 

In  w  inter  all  si/es,  including  most  of  the  larger  specimens, 
were  taught  in  the  upper  100  m  at  night,  but  most  small 
lisli  (less  than  20  mm)  were  taken  at  depths  greater  than 
100  in.  All  specimens  taken  at  day  depths  (nonmigrants)  at 
night  were  15-18  mm  (  Table  42).  During  late  February 
anti  early  March  the  spacing  of  samples  detected  a  smaller 
stale  stratification  offish  caught  at  51-100  in.  Mean  sizes 
were  80.9  mm  at  08  m,  88.1  mm  at  95  m,  and  58.5  mm  at 
100  in. 

Posi  larvae  were  stratified  by  size  in  late  spring  and  late 
summer  and  probably  do  not  migrate  vertically.  In  iate 
spring  most  smaller  post  larvae  (less  than  14  mm)  were 
caught  in  the  upper  100  in;  all  those  between  14-18  mm 
were  taught  below  750  m  both  day  and  night.  At  night  in 
late  summer  post  larvae  0-12  mm  were  caught  in  the  upper 
1  50  m.  those  14-10  cm*  weic  caught  at  851-1000  m,  and 
1  8  mm  specimens  were  caught  in  both  strata.  Only  one 
postlarva  was  t  aught  during  the  day  in  late  summer  (Table 
42).  Post  larvae  clearly  spend  the  early  part  of  their  lives  in 
the  upper  100-200  in  and,  upon  reaching  11-13  mm, 
descend  to  the  deeper  stratum  where  they  continue  to 
develop  and  metamorphose  into  juveniles  before  migrating 
regularly. 

Diel  vertical  migrations  occurred  at  all  three  seasons,  but 
at  each  season  part  of  the  night  catch  came  from  daytime 
depths.  Very  few  fish  were  caught  at  intermediate  depths 
(201-700  m)  at  night  in  each  season;  those  caught  in  late 
summer  were  21-31  mill,  those  in  winter  18  mm  (one 
specimen)  and  31 -hi  mm,  and  in  late  spring  4h  mm  (one 
specimen).  Nonmigrants  were  all  smaller  than  20  mm,  but 
fish  of  those  si/es  also  were  migrators. 

All  but  one  of  the  few  15-16  mm  specimens  caught  at 
night  were  f  rom  day  depths.  Fish  17-19  mm  were  caught 
during  the  night  at  diurnal  depths  and  also  in  the  upper 
200  m  both  in  winter  and  late  summer,  indicating  the  onset 
of  migratory  behavior  at  this  size  range.  Most  19  mm  fish 
and  all  larger  fish  were  caught  only  above  day  depths  at 
night.  Nonmigrnnts.  including  post  larvae,  accounted  for 
about  25  percent  of  the  night  catch  in  winter,  about  6 
percent  of  that  in  late  spring,  and  9  percent  of  that  in  late 
summer.  Clarke  ( 1 973)  noted  that,  near  Hawaii,  15-19  nun 
fish  were  taken  both  in  the  upper  100  in  and  at  600-700 
m.  and  that  larger  fish  migrated  regularly. 


l.iltle  could  be  determined  about  the  chronology  of  ver¬ 
tical  migrations  of  ivarmingii  in  late  spring,  and  only 
c  rude  estimates  of  migration  times  and  rates  could  be  made 
for  winter  and  late  summer.  In  late  spring  a  single  fish  was 
caught  near  200  m  within  an  hour  after  sunset.  There  were 
no  positive  day  samples  from  shallow  depths  after  1000 
hours;  the  earliest  positive  night  sample  in  the  upper  100 
m  was  2.5  to  3.5  hours  after  sunset,  and  the  earliest  sample 
at  50  m  (it  was  positive)  started  at  0200  hours. 

In  winter,  day  depths  were  still  occupied  at  about  2.5 
hours  before  sunset  (and  possibly  until  1 .5  hours  or  less). 
Specimens  were  taken  at  650  m  and  225  in  no  more  than 
0.5  hour  after  sunset,  and  at  1 30  m  no  more  than  1 .5  hours 
after  sunset.  Fish  were  captured  in  the  upper  100  ill  at  least 
2  to  3  hours  after  sunset;  no  samples  were  taken  in  the 
upper  1 00  m  between  sunset  and  those  times,  so  it  is  possible 
that  fish  arrived  in  the  upper  100  ill  earlier.  Assuming  that 
upward  migrations  were  on  the  order  of  3.5  hours  in 
duration,  migration  between  day  (1050  ni)  and  night  (100 
m)  depths  of  maximum  abundance  averaged  about  270  m/ 
hr.  Several  specimens  were  caught  at  about  140  m  within 
an  hour  of  sunrise,  but  there  were  no  positive  day  samples 
until  5  hours  after  sunrise. 

In  late  summer  the  latest  positive  day  sample  ended  more 
than  2  hours  before  sunset,  but  it  was  taken  near  the  upper 
depth  limit  and  caught  only  one  specimen.  Presumed  mi¬ 
grants  were  taken  at  301-350  m  and  451-500  m  no  more 
than  1.3  hours  before  sunset.  Fish  reached  the  upper  50  m 
by  1 .5  hours  after  sunset.  This  results  in  a  migration  time 
of  about  2.5  hours  and  a  migration  rate  of  160  m/hr 
between  500  and  100  m.  Migration  time  between  diurnal 
and  nocturnal  depths  of  maximum  abundance  (850  m  to 
100  m)  would  approximate  4.5  hours,  giving  a  migration 
rate  of  about  1  70  m/hr.  Some  fish  may  remain  in  the  upper 
100  m  as  late  as  0.5  hour  after  sunrise,  but  most  probably 
begin  the  descent  to  day  depths  earlier.  A  sample  made  at 
about  90  m  between  1 .3  and  0.3  hours  before  sunrise  caught 
four  times  as  many  fish  as  the  following  one-hour  sample  at 
the  same  depth,  suggesting  that  a  majority  of  the  population 
begins  to  migrate  within  1.3  hours  of  sunrise.  Daytime 
depths  were  reached  at  least  two  hours  after  sunset.  This 
was  when  the  earliest  diurnal  sample  made  at  day  depths 
ended,  so  arrival  times  could  have  been  earlier.  Migration 
time  between  nocturnal  and  diurnal  depths  was,  therefore, 
about  3  hours,  yielding  a  migration  rate  of  250  m/hr 
between  night  and  day  depths  of  maximum  abundance. 

Patchiness. — Clumping  apparently  occurred  only  at 
night  at  each  of  the  three  seasons.  Clumping  was  indicated 
at  all  three  seasons  at  51-100  m  where,  except  for  juveniles 
in  late  spring  and  adults  in  late  summer,  abundance  of  the 
three  older  stages  was  gieatest.  The  two  exceptions  were 
close  to  the  maximum  concentration,  which  was  small  (  Fa¬ 
ble  42).  In  late  summer  clumping  was  also  indicated  at  85 1  - 
900  m,  the  depth  at  which  nonmigrants  were  most  abun- 
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itant.  Hurt-  was  no  indication  of  a  patchy  distribution  for 
nonmigranls  in  winter  or  late  spring. 

Other  significant  CO  values  were  thought  to  reflect  dis¬ 
tributional  features  other  than  c  lumping.  A  significant  Cl) 
value  in  late  spring  at  9a  1-1000  in  during  the  dav  was  due 
to  one  of  only  two  positive  dav  samples  at  that  season;  one 
in  winter  at  OOl-tijO  m  during  the  dav  was  due  to  a  sample 
that  probable  caught  early  migrants  (see  "Vertical  Distri¬ 
bution"  section). 

Night  samples  from  the  upper  50  in  in  late  summer  and 
the  upper  50  m  and  151-200  m  in  winter  also  had  signifi¬ 
cant  Cl)  values  In  late  summer  onlv  two  night  samples 
were  taken  in  the  upper  50  in;  the  one  that  took  fewer  fish 
v\as  made  shortly  after  the  crepuscular  period,  apparently 
when  migrants  were  just  reaching  this  depth.  In  winter  the 
Cl)  values  obtained  for  samples  taken  in  the  upper  50  in 
and  at  151-200  m  mat  reflect  vertical  concentration  in 
narrow  strata  within  those  depth  intervals.  In  the  upper  50 
m  one  fish  was  taken  in  three  1-hour  samples  made  at  18 
in;  none  in  three  1-hour  samples  at  84  m;  29  in  one  0.6- 
hour  sample  at  40  m;  and  2  in  three  1-hour  samples  at  50 
m.  At  1  5  1  -200  in,  three  samples  each  were  taken  at  175  in 
and  200  m:  all  the  specimens  were  caught  at  175  m,  and 
neither  series,  when  considered  individually,  had  a  signifi¬ 
cant  Cl).  Year-to-year  variation  in  population  size  or  depth 
preference  may  also  have  contributed  to  the  observed  dif¬ 
ferent  es.  The  samples  at  1  75  til  were  taken  in  January  and 
those  at  200  in  in  February  one  year  later. 

N tou  t  : Dav  Catch  Ratios. — Night-to-day  catch  ratios, 
inc  luding  interpolated  values,  for  discrete-depth  captures 
were  0.9:1  in  winter.  2.8:1  in  late  spring,  and  2.0:1  in  late 
summer.  Juveniles  accounted  for  more  than  75  percent  of 
the  catch  in  winter  and  late  summer,  and  the  total  ratio  in 
each  of  the  two  seasons  was  similar  to  that  for  juveniles 
(  Fable  48).  Seasonal  differences  in  stage  and  size  composi¬ 
tion,  abundance,  vertical  distribution,  and  depth  coverage 
were  all  fac  tors  in  the  observed  differences  in  catch  rates. 

In  late  spring,  when  subadults  and  adults  were  most 
abundant,  the  difference  between  dav  and  night  catches 
was  mostly  due  to  fish  40  mm  and  larger,  suggesting  that 
increased  net  avoidance  In  dav  was  the  major  cause  of  the 
observed  difference.  However,  even  fish  88-40  mm  were 
more  abundant  in  night  samples,  suggesting  that  the  dav 


f  ARl.lv  ‘13.- — Seasonal  ni^hr  co  day  rafeh  ratios  of  Leratoscopelus  warmmgn 
<  \l)  =  adult;  Jl'Y  =  juvenile;  PL  =  post  larva;  SAD  =  stihaduk;  TOT  = 
total  n{  all  stages;  *  =  no  catch  during  one  or  both  did  periods). 
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vertical  range  may  not  have  been  adequately  sampled. 

In  late  summer  65-70  percent  of  both  day  and  night 
catches  consisted  of  fish  16-25  mm.  It  is  not  likely  that 
these  fish  effectively  avoided  the  net,  vet  tliev  were  more 
than  twice  as  abundant  in  night  samples  as  in  day  samples. 
Fish  larger  than  89  mm,  which  presumably  have  a  greater 
ability  to  avoid  the  net  than  smaller  fish,  were  about  equally 
abundant  in  clay  and  night  samples  (2.7  and  8.1  per  hour, 
respectively).  Failure  to  sample  a  narrow  concentration  bv 
clay  may  account  for  most  of  the  difference  in  catch  rates. 

The  day  depth  range  was  poorly  sampled  in  winter,  hut 
this  was  apparently  compensated  for  by  interpolated  values, 
whic  h  ac  counted  for  more  than  half  of  the  calculated  abun¬ 
dance  (  Fable  42).  However,  a  poor  estimate  of  the  actual 
size  composition  of  the  population  resulted  from  this  tech¬ 
nique.  Therefore,  fish  19-24  mm  and  fish  larger  than  50 
mm  were  not  accounted  for  by  day. 

Diaphus  bertelseni 

This  rare,  questionably  tropical-subtropical  (Backus  et  al., 
1977)  species  is  represented  in  the  collections  by  five  spec¬ 
imens,  29-45  mm,  taken  in  August  and  September.  One 
fish  was  taken  by  night  at  175  m;  the  remaining  four  in 
Kngel  trawl  collections.  The  species  grows  to  about  91  mm, 
the  size  of  the  only  recorded  mature  female  (Hullev,  1981). 
Clarke  (1978)  has  taken  this  or  a  very  similar  species  near 
Hawaii. 

Diaphus  hrachycephalus 

This  is  a  tropic  al-subtropical  species  (Backus  et  al.,  1977). 
In  the  western  Atlantic  it  is  abundant  south  of  about  25°N, 
hut  is  not  common  in  the  Sargasso  Sea  (Nafpaktitis  et  al.. 
1977).  The  spec  ies  also  is  known  in  tropical  waters  of  the 
Pacific  (Clarke,  1978).  It  reaches  sexual  maturity  at  about 
28-80  mm  and  grows  to  a  moderately  large  size  of  50-60 
mm  (Nafpaktitis,  1968);  maximum  standard  length  (SL)  in 
the  Ocean  Acre  collections  is  48  mm.  It  is  an  “uncommon" 
lanternfisli  in  the  study  area,  being  represented  bv  84  fish 
in  the  Ocean  Acre  collections,  and  by  merely  25  specimens 
in  samples  from  the  paired  seasonal  cruises  (  Fable  28). 

Juveniles  were  10-26  mm  (a  total  of  three),  subadults 
25-40  mm,  and  adults  8  1  -48  mm.  Adult  females  contained 
ova  up  to  0.5  mm  in  diameter.  Males  larger  than  25  mm 
have  an  enlarged  Vn  and  can  easily  be  distinguished  from 
females.  No  sexual  dimorphism  in  size  is  apparent. 

Despite  the  presence  of  adult  females  with  large  eggs  in 
the  study  area,  the  paucity  of  juveniles  in  the  collections 
indicates  that  it  is  unlikely  that  the  species  successfully 
reproduces  there.  Two  of  the  three  juveniles  taken  were 
well  beyond  the  transformation  size  (9-10  mm).  Further¬ 
more,  the  seasonal  distribution  of  adult  females  (June  to 
September)  suggests  that  juveniles  would  predominate  in 


'I  able  -4-1. — Vertical  distribution  by  50-m  intervals  ot  Diaphus  brarhycephalus  (AD  =  adult;  JUV  =  juvenile; 
N  =  numtier  ot  specimens;  PI.  =  postlarva;  SA  =  subadult:  SL  =  standard  length  in  min:  TOT  =  total;  X 
=  mean;  blank  space  in  column  -  no  catch  in  a  sampled  interval). 
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fall  and  winter  collections,  yet  this  is  not  the  case.  No 
juveniles  were  taken  in  fall  and  winter  collections,  and  only 
5  subadults  or  adults  were  captured  at  that  time.  Abundance 
is  greatest  in  late  spring,  when  most  fish  are  larger  than  30 
nun,  intermediate  in  late  summmer,  and  least  in  winter 
(  Table  44). 

All  discrete-depth  captures  were  from  night  tows  made 
between  about  150  and  225  m.  The  smallest  fish,  10  mm, 
was  taken  in  an  oblique  tow  from  0-75  m.  Diurnal  captures 
with  the  F.ngel  trawl  suggest  a  depth  range  of  250-450  m. 
Clarke  ( 1 973)  gave  a  depth  range  of  300-600  tn  by  day  and 
30-200  m  by  night  for  D.  brachycephalus  near  Hawaii. 

Diaphus  dumerilii 

This  tropical  species  is  reported  to  have  two  distinct 
spawning  areas,  one  in  the  Caribbean  Sea  and  adjacent 
areas,  and  the  other  in  the  Gulf  of  Guinea.  It  probably  is 
tbe  most  abundant  lanternfish  in  the  Caribbean  Sea  from 
which  it  is  believed  to  be  transported  in  the  Gulf  Stream 
s\  stem  as  far  as  51  °N  (Backus  et  a)..  1977).  It  is  a  moderately 
large  mvc tophid,  attaining  a  maximum  si/e  of  87  mm  (Hul- 
le\ ,  1 98  I )  and  maturing  at  40-42  mm  in  the  Gulf  of  Guinea 
and  at  52  mm  in  the  Carribbean  (Nafpaktitis  et  al.,  1977). 
Maximum  si/e  in  tbe  Ocean  Acre  collections  is  53  mm.  It 
is  a  "rare"  mvc 'tophid  near  Bermuda,  and  is  represented  by 
37  individuals  in  the  Ocean  Acre  collections. 

Juveniles  were  17-33  mm,  subadults  32-52  mm,  and 
adults  (all  males)  45-53  mm.  None  of  the  females  have  ova 
showing  am  development  bevond  being  recognizable. 
Males  larger  than  35  nun  have  a  noticeably  larger  Dn  than 
females  of  similar  si/e. 

I  be  lac  k  of  small  juveniles  ( 1 0  nun)  and  adult  females  in 
the  toilet  lions  implies  that  the  species  does  not  breed  in  the 
area.  This  conclusion  is  reinforced  by  the  extremely  low 
abundance  of  I).  dumerilii  at  all  times. 


Most  likely,  the  individuals  found  near  Bermuda  are 
distributional  waifs  from  the  spawningarea  in  the  Caribbean 
Sea. 

Little  information  is  available  concerning  the  depth  range 
of  this  species.  In  discrete-depth  samples,  one  fish  was  taken 
bv  day  at  601-650  tn  in  winter;  three  were  caught  at  night 
near  50  m,  one  in  late  spring  and  two  in  late  summer. 

Diaphus  effulgens 

This  bipolar  subtropical  species  (Backus  et  al.,  1977)  is 
known  to  exceed  150  mm  in  length  (Nafpaktitis  et  al., 
1 977).  The  largest  specimen  caught  during  Ocean  Acre  was 
96  nun.  Diaphus  effulgens  was  uncommon  in  the  study  area 
at  all  seasons.  The  Ocean  Acre  collections  contain  120 
specimens;  51  were  caught  during  the  paired  seasonal 
cruises,  36  of  these  in  discrete-depth  samples,  of  which  30 
of  the  latter  were  in  discrete-depth  noncrepuscular  tows 
(  Table  23). 

Developmental  Stages.— Juveniles  were  12-58  mm, 
subadults  53-63  mm,  and  adult  males  77-90  mm.  Adult 
females’ were  not  taken.  Juveniles  smaller  than  50  mm  could 
not  be  vexed.  Tbe  eight  largest  fish  (69-96  mm)  were  males. 

Table  45. — Seasonal  abundance  and  percent  of  total  abundance  (in  paren¬ 
theses)  for  Diaphus  effulgens  (AD  =  adult;  JU\r  =  juvenile;  SAD  =  subadult; 
TOT  =  total.  The  figure  for  abundance  is  the  sum  of  the  catch  rates  for 
all  50-m  intervals,  with  interpolation  for  unsampled  intervals,  at  the  diel 
period  she  wing  the  greatest  total  abundance). 
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Table  46. — Vertical  distribution  by  50-ni  intervals  of  Diaphus  ejfulgins  (AD  =  adult;  JUV  =  juvenile;  N  = 
number  of  specimens;  PL  =  postlarva;  SA  =  subadult;  SL  =  standard  length  in  mm;  TOT  =  total;  X  - 
mean;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch). 
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;md  the  largest  female  was  63  mm.  This  apparently  is  not  a 
reflection  of  a  sexual  dimorphism  in  size,  as  Nafpaktitis  et 
al.  (1977)  examined  females  up  to  139  mm. 

Reproductive  Cycle  and  Seasonal  Abundance. — 
The  reproductive  cycle  and  life  span  of  D.  effulgens  in  the 
study  area  is  uncertain.  Based  upon  the  relatively  large  size 
attained,  this  species  probably  lives  at  least  two  years.  The 
parent  population  probably  breeds  in  spring  and  summer, 
with  a  peak  in  late  spring.  Abundance,  although  quite  low 
at  all  times,  is  at  a  maximum  in  late  summer  (Table  45). 

Recruitment  of  small  fish  (less  than  20  mm)  occurred 
only  in  August  and  September,  at  which  time  they  made  up 
more  than  HO  percent  of  the  total  number  taken  in  both 
nondiscrete  and  discrete-depth  samples.  Adult  males  were 
caught  only  from  June  to  September.  The  seasonal  distri¬ 
butions  of  small  juveniles  and  adult  males  suggest  that 
spawning  occurs  in  spring  and  summer. 

In  winter  and  late  spring  fish  larger  than  40  mm  predom¬ 
inate,  and  abundance  is  about  half  that  in  late  summer 
(  Table  45).  In  late  summer  fish  smaller  than  20  mm  domi¬ 
nated  the  discrete-depth  collections.  At  that  season  the 
combined  I  KMT  and  Kngel  traw  l  catches  apparently  con¬ 
sisted  of  at  least  three  vear  classes:  young-of-the-year  fish, 
12-2.3  mm  (taken  only  in  the  IKMT);  fish  about  one-year 
old,  35-59  mm;  and  fish  two  or  more  years  old,  80-92  mm. 
Fish  of  the  latter  two  groups,  with  one  exception,  were 
taken  wit  ft  the  Engel  trawl. 

Vertical  Distribution. — Vertical  distribution  for  all 


seasons  combined  was  by  day,  501-700  m;  and  by  night, 
90-200  m.  By  day,  fish  taken  at  501-600  m  were  14-33 
mm  and  those  at  601-700  m  depths  were  40-86  nun;  at 
night  all  but  one  fish  40  nun  and  smaller  were  taken  at  90- 
100  in,  with  larger  fish  near  or  below  150  m.  During  both 
day  and  night  juveniles  were  found  throughout  the  vertical 
range;  the  more  advanced  stages  were  only  at  or  near  the 
lower  depth  limit  (Table  46). 

Diaphus  fragilis 

This  tropical  species  (Backus  et  al.,  1 977)  was  represented 
in  the  collections  by  a  3 1  mm  specimen  taken  in  September. 
Diaphis  fragilis  grows  to  99  mm  (Hulley,  1981)  and  matures 
at  about  60-70  mm  (Clarke,  1973;  Nafpaktitis  et  al.,  1977). 

Diaphus  garmani 

This  species,  taken  only  with  the  Engle  trawl,  is  repre¬ 
sented  in  the  Ocean  Acre  collections  by  two  specimens  27 
and  31  min.  It  is  moderate  in  size,  growing  to  about  60  mm 
and  maturing  at  about  40  nini  (Nafpaktitis,  1968).  Most 
Atlantic  captures  are  from  the  Carribbean  Sea  and  Ama¬ 
zonian  Province  (Nafpaktitis,  1968;  Nafpaktitis  et  al.,  1977). 
The  species  also  is  known  from  the  Indian  and  Pacific  oceans 
(Nafpaktitis,  1968,  Bradbury  et  al.,  1971;  Hartmann  and 
Clarke,  1975). 


I 
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Diaphus  lucidus 


Diaphus  metopoclampus 


1  liis  tropical  species  (Backus  et  al.,  1977)  is  represented 
in  the  Ocean  Acre  collections  by  16  specimens,  29-75  nun 
standard  length  (SI.)  taken  from  June  to  September.  It  is  a 
large  species,  attaining  1  18  mm  (Wisner,  1976).  The  only 
known  gravid  females  are  98  and  99  mm  SL  (Nafpaktitis, 
1 968).  Most  of  the  spec  intern  were  taken  bv  the  Engel  trawl; 
two  were  taken  in  discrete-depth  samples  at  about  175  m 
during  the  night  in  late  summer. 

Diaphus  luetkeni 

This  tropical  species  (Backus  et  al.,  1977)  is  poorly  rep¬ 
resented  in  the  Ocean  Acre  collections.  Three  fish,  20-37 
mm,  were  taken:  one  in  July  and  two  in  September.  It  is  a 
moderately  large  species,  maturing  at  about  42  mm  and 
growing  to  about  60  mm  (Nafpaktitis,  1968).  One  specimen 
was  taken  at  night  in  late  summer  at  90  m  in  a  discrete- 
depth  tow. 


This  questionably  bipolar,  temperate-semisubtropical 
species  (Backus  et  al.,  1977)  is  found  in  the  Atlantic  Ocean 
mainly  south  of  30°S  (Krefft,  1974)  and  north  of  20° N 
(Nafpaktitis,  1968).  Although  everywhere  rare,  it  seems  to 
be  most  abundant  in  the  slope  water  areas  (Nafpaktitis  et 
al.,  1977).  This  is  a  fairly  large  myctophid,  reaching  a  size 
of  about  80  mm;  maximum  size  in  the  Ocean  Acre  collec¬ 
tions  is  79  mm.  The  species  is  “uncommon"  in  the  study 
area;  a  total  of  125  specimens  was  caught,  70  were  taken 
during  the  paired  seasonal  cruises.  Discrete-depth  samples 
account  for  51  fish,  of  which  47  are  from  noncrepuscular 
tows  (Table  23). 

Developmental  Stages. — Postlarvae  were  6-8  mm,  ju¬ 
veniles  9-35  mm,  subadult  females  71-79  mm,  and  adult 
males  62-75  mm  SL.  No  subadult  males  or  adult  females 
were  taken.  With  the  possible  exception  of  size,  there  is  no 
sexual  dimorphism  (Nafpaktitis,  1968).  Although  no  adult 
females  were  caught,  a  74  mm  female  taken  in  August  had 
a  few  large  ova  (0.2-0. 3  mm)  and  slightly  enlarged  ovaries. 


Table  -17. — Vertical  distribution  by  50-m  intervals  of  Diaphus  metopoclampus  (AD  =  adult;  JUV  =  juvenile; 
N  =  number  of  specimens:  PL  =  postlarva;  SA  =  subadult;  SL  =  standard  length  in  mm;  TOT  =  total;  X 
=  mean;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 
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Gravid  females  55-60  nun  have  been  taken  in  the  Gulf 'of 
Mexico  (Nafpaktitis  et  al.,  1977).  Grey  (1955)  reported  that 
a  75  mm  female  taken  near  Bermuda  in  August  1948 
contained  eggs  in  cleavage.  This  report  lias  not  been  con¬ 
firmed. 

Reproductive  Cycle  and  Seasonal  Abundance. — 
The  life  cvcle  ot  I).  metopoclampus  in  the  Bermuda  aria 
apparent Iv  is  complex  and.  like  that  of  its  congener  I). 
rafinesquii,  tnav  involve  migrations  into  and  possible  out  of 
the  area.  It  cannot  be  determined  whether  I).  metopoclampus 
spawns  in  the  area.  Although  the  life  span  cannot  be  deter¬ 
mined  from  the  present  data,  it  probably  is  at  least  two 
vears.  The  parent  population  spawns  over  a  relatively  short 
time,  probable  in  spring  or  summer. 

All  specimens  caught  were  either  6-35  mm  or  62-79 
mm.  The  want  of  intermediate  si/es  in  the  Ocean  Acre 
collec  tions  almost  surely  reflects  their  absence  in  the  study 
area  rather  than  a  sampling  bias.  If  intermediates  were 
present,  at  least  one  specimen  would  have  been  caught 
during  the  14  c  ruises.  The  missing  sizes  have  been  taken  in 
midwater  trawls  fished  in  the  slope  water  (Krueger  et  al., 
1975;  (aim.  1976;  personal  observation)  and  in  the  Gulf  of 
Mexico  (Nafpaktitis  et  al.,  1977).  This  means  that  large  fish 
must  migrate  into  the  Bermuda  area  with  some  regularity 
to  maintain  their  numbers.  Small  fish  either  migrate  out  of 
the  area  or  die  before  they  reach  about  40  mm. 

Small  fish  were  mostly  9-12  mm  in  September  to  Octo¬ 
ber,  15-17  mm  in  January  to  March,  20-26  mm  in  June, 
and  25-30  mm  in  July.  Presumably  those  taken  in  June  and 
July  were  10-12  months  old.  It  follows  that  large  fish  taken 
.it  those  times  were  a  year  or  more  older  than  the  small  fish, 
and  that  the  life  span  is  at  least  two  years. 

The  catch  in  September  (one  cruise  only;  none  were 
taken  during  other  September  cruises)  was  almost  exclu¬ 
sively  9-12  mm  juveniles.  The  smallest  of  these  fish  prob¬ 
ably  were  recently  transformed  juveniles,  which  suggests 
that  spayvning  either  takes  place  in  the  study  area  or  in  close 
proximity  to  it.  The  relatively  large  number  of  small  fish 
taken  in  September  (although  not  in  discrete-depth  samples) 
may  indicate  a  peak  in  spayvning  ac  tivity  at  or  just  before 
that  time. 

Abundance  was  greatest  in  winter  (Table  47).  In  late 
spring  it  was  only  about  one-third  as  great  as  in  winter.  No 
estimate  of  abundance  could  be  made  for  late  summer 
because  no  spec  imens  were  caught  in  noncrepuscular  dis¬ 
crete-depth  samples.  II  spawning  occurred  in  spring  or 
summer,  abundance  would  be  greater  in  late  summer  than 
in  winter. 

Ver  i  it :.\t ,  Distribution. —  Depth  range  by  dav  in  winter 
is  51)  I  -850  m  w  it h  no  apparent  concentration  at  any  depth, 
and  m  late  spring  601-750  m  with  a  maximum  abundance 
al  601-700  m.  By  night,  depth  range  is  401-800  m  in 
wintei  v\ it h  a  maximum  at  651-750  m,  and  in  late  spring 
351-  100  m  (1  specimen)  and  551-600  m  (3  specimens) 


(  I  able  47).  Three  posllarvae  were  caught  at  45  m  near 
dawn  in  late  summer.  Gibbs  et  al.  (1971)  noted  that  an  18 
mm  fish  was  taken  at  201-250  m  by  night  in  April. 

These  data  show  that  small  juveniles  (13-19  mm)  do  not 
migrate  regularly  ,  and  that  at  least  some  large  fish  over  60 
mm  remain  at  dav  depths  during  the  night  (Table  47). 

Diaphus  mollis 

litis  moderate-sized  lanternfish  is  known  to  attain  66  mm 
(Hulley.  1981);  it  grows  to  50  mm  in  the  study  area.  A 
tropical-subtropical  species,  /).  mollis  is  a  ranking  myctophid 
in  the  North  Atlantic  subtropical  region  (Backus  et  al., 
1977).  It  is  a  "common"  lanternfish  in  the  study  area  rank¬ 
ing  I  1th  to  1 4th  in  abundance  at  all  seasons  (Table  131).  It 
is  represented  in  the  Ocean  Acre  collections  by  1559  spec¬ 
imens;  650  were  caught  during  the  paired  seasonal  cruises 
461  of  these  in  discrete-depth  samples,  of  which  342  were 
caught  in  noncrepuscular  tows  (  Table  23). 

Developmental  Stages. — Postlarvae  were  5-11  mm, 
juveniles  9-26  mm,  subadults  25-49  mm,  and  adults  30- 

48  mm.  Most  juveniles  less  than  17  mm  had  thread-like 
gonads  and  could  not  be  sexed.  Adult  females  had  eggs  as 
large  as  0.5  mm  in  diameter.  Subadult  males  had  a  greatly 
enlarged  luminous  patch  beneath  the  eye  (Nafpaktitis, 
1968),  and  tended  to  be  larger  than  subadult  and  adult 
females  (mean  SI.  38.4  mm  vs  35.8  mm).  Size  ranges  of 
both  sexes  were  similar:  males  13-48  mm  and  females  14- 

49  mm. 

Reprodi  criVE  Cycle  and  Seasonal  Abundance. — Dia¬ 
phus  mollis  has  a  one-vear  life  cycle,  with  only  a  few  individ¬ 
uals  surviving  much  beyond  a  year.  Spawning  occurs  from 
early  spring  to  fall,  perhaps  with  a  peak  in  intensity  in  late 
spring.  Abundance  is  greatest  in  iate  summer,  when  I). 
mollis  teas  the  eleventh  most  abundant  lanternfish.  Juveniles 
were  most  abundant  in  late  summer,  subadults  in  winter, 
and  adults  in  late  spring  (  Table  48). 

Adult-size  females  were  taken  throughout  the  year,  but 
enlarged  ovaries  w  ith  eggs  larger  than  0.1  mm  in  diameter 
were  observed  only  from  April  through  November.  Small 
juveniles  (less  than  20  mm)  and  post  larvae  were  most  nu¬ 
merous  in  late  summer.  These  seasonal  distributions  indi¬ 
cate  that  spayvning  occurs  from  spring  to  fall  with  a  peak  in 
intensity  in  late  spring  to  early  summer.  At  each  season, 
subadult  females  within  the  adult  size  range  (larger  than  39 
mm)  were  taken,  suggesting  that  some  individuals  may  live 
longer  than  one  year  and  may  spawn  more  than  once. 
Unlike  that  near  Bermuda,  some  populations  of  D.  mollis 
apparently  breed  in  winter  (Nafpaktitis,  1968). 

In  late  spring  more  than  80  percent  of  the  population 
consisted  of  subadults  and  adults,  with  subadults  half-again 
as  abundant  as  adults  (Table  48).  Seasonal  abundance  of 
adults  and  their  proportion  of  the  population  were  greatest 
at  that  time.  Juveniles  were  mostly  larger  than  20  mm  and 
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1  vm  t  IS. — Sr.isonal  .iIiiiihI.uk  c  and  permit  of  total  abundance  (in  paren¬ 
theses)  lor  Diaphus  mollis  (Al)  =  adult;  Jl'V  =  juvenile;  1*1.  =  postlarva; 
SAD  =  snludull:  1C)  I  =  total.  Ihe  figure  lot  aliundanre  is  the  sum  ot  the 
i.iti  h  rates  lor  all  50-m  intervals,  with  interpolation  lor  unsampled  intervals, 
at  the  diel  jK-riod  showing  the  greatest  total  abundance). 


Tabi.k  -19.  —  Numlters  ol  each  sex  lor  each  stage  of  Diaphus  mollis  (AI)  = 
adult;  1  =  female;  |LV  =  juvenile;  M  =  male;  SAD  —  subadult;  '  1  O  1’  = 
total  ol  all  three  stages;  asterisk  =  significant  differences  indicated  by  Chi- 
sc|itare  tt'st  (p  =  .05)). 
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[  \ Bi  t  50.  —  Vertical  distribution  In  50-m  intervals  ol  Diaphus  mollis  (AD  =  adult;  JL'V  =  juvenile;  N  = 
number  of  specimens;  Pi.  =  postlarva;  SA  =  subadult;  SI.  =  standard  length  in  mm;  I  O  I  =  total;  X  = 
mean;  blank  space  in  column  ~  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
i nt ernolated  catch;  asterisk  in  \  column  =  unsampled  interval  with  interpolated  catch). 
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probably  iutc  from  the  previous  year's  spawn.  Recruits 
from  lilt-  spawn  underwax  at  that  time  apparently  were  too 
small  to  he  adequately  sampled  by  the  nets,  as  only  one 
postlarxa  was  taken.  Suhadult  and  adult  females  were 
equally  abundant  (  Table  19),  but  less  than  hall  of  the 
subadults  were  as  large  as  tlte  smallest  adult.  I  bis  suggests 
that  In  late  spring  less  than  23  percent  of  the  female- 
population  had  spawned  and  that  the  peak  in  spawning  bad 
just  been  reached  or  was  vet  to  be  reached. 

in  late  summer  recruits  9-23  mm  accounted  for  more 
than  60  percent  of  the  catch,  subadults  for  about  1 2  percent, 
and  adults  about  8  percent  (Table  48).  Abundance  of 
post  larvae  almost  certainly  was  underestimated  at  this  sea¬ 
son:  about  80  percent  of  the  total  number  were  caught  in 
late  summer,  but  very  few  xvere  included  in  samples  used 
to  estimate  abundance.  Juveniles  11-16  mm  were  most 
abundant  and  probably  represented  of  fspring  of  t be  spawn¬ 
ing  peak. 

Juveniles  ac  counted  for  about  16  percent  of  the  popula¬ 
tion  sampled  in  winter,  subadults  more  than  82  percent, 
and  adults  1  3  percent  (  Table  48).  Tlte  reduced  abundance 
of  juveniles  from  late  summer  to  winter,  and  the  fact  t fiat 
all  juveniles  less  than  19  mm  xvere  taken  in  January  and  all 
larger  ones  were  taken  in  February  to  March,  indicates  that 
little  or  no  recruitment  into  the  population  occurred  after 
fall.  Continued  growth  of  the  spring  and  early  summer 
spawn  resulted  in  the  observed  dominance  of  subadults  in 
winter.  A  few  subadults  xvere  greater  than  40  mm  and  may 
have  been  in  their  second  year  of  life.  'The  lack  of  adult 
females  further  indicates  a  w  inter  hiatus  in  spawning  activ¬ 
ity . 

Six  Ratios, — Males  were  more  numerous  than  females 
at  t-ae  It  of  the  three  seasons  (Table  49),  xvitli  tnale-to-female 
ratios  of  1.1:1  in  winter.  1.9:1  in  late  spring,  and  1.2:1  in 
late  summer.  Only  the  late  spring  ratio  differs  significantly 
f  rom  equality  (  I  able  49).  The  dif  ference  in  late  spring  was 
due  mostly  to  subaduits.  foi  which  the  male-to-female  ratio 
was  2.3:1.  hut  adults  also  contributed  to  the  difference. 
F.xecpt  for  subaduits  in  late  spring,  none  of  the  individual 
stage  sex  ratios  was  significantly  different  from  equality 
(  Tabic-  49).  The  dif  ference  in  late  spring  may  be  related  to 
postspawning  mortality  ,  which  presumably  is  greater  for 
females. 

Vnertc.xi  Dtst  ribi  I  ion.  —  Diurnal  depth  range  in  win¬ 
ter  was  431-300  m:  in  late  spring  tlte  upper  30  ill  and  301  — 
700  m  with  no  concentration  at  any  particular  depth;  and 
in  late  summer  I  0 1  -  I  30  m  and  30  1  -850  m  w  it h  maximum 
abundance-  at  331-600  in.  At  night  most  specimens  xvere 
taken  in  the  uppei  230  in  xvitli  maxima  at  51-100  in  in 
w  inlet  and  late  spring,  and  3.3-100  m  in  late  summer  (  Table- 
30), 

I  lie  shallow  captures  made  by  day  in  late  spring  (301- 
3.30  m)  and  late  summer  ( 1 0  I  -  I  50  m  and  30 1  -350  tn)  may 
represent  valid  records.  It  is  unlikely  that  the  specimens 
were-  contaminants,  because  several  samples  immediately 


preceding  each  positive  shallow  sample  contained  few  or  no 
spec  imens.  However,  if  these  depths  are  part  of  its  diurnal 
vertical  range,  the  species  has  a  most  unusual  dispersal 
within  the  water  column,  with  alternating  positive  and 
negative  depth  intervals. 

Stage  and  si/e  stratification  were  evident  only  at  night. 
The  lack  of  stratification  by  day  may  be  an  artifact  of 
sampling,  espec  ially  in  winter  and  late  spring,  when  the  day 
catches  xvere  small  (  Table  50).  In  late  summer  almost  90 
percent  of  the  diurnal  catch  was  juveniles,  xvitli  most  of  the 
remainder  subaduits.  Juveniles  xvere  captured  both  shal¬ 
lower  and  deeper  than  subaduits.  but  both  developmental 
stages  had  similar  depths  of  maximum  abundance.  At  601- 
650  m  all  spec aniens  captured  xvere  9  mm  (  Table  50).  which 
is  thought  to  be  the  si/e  at  transformation  (Nafpaktitis, 

1 968). 

At  night  juveniles  xvere  most  abundant  in  the  upper  50 
m  at  all  seasons,  subaduits  at  31-100  m  at  all  seasons,  and 
adults  at  51-100  m  in  late  spring  and  131-200  m  in  late 
summer  and  winter.  Subaduits  and  adults  occurred  at 
greater  depths  (hail  juveniles  in  winter  and  kite  spring,  but 
juveniles  xvere  taken  both  shallower  and  deeper  than  sub¬ 
aduits  and  aclulis  in  late  summer.  A  7  mm  post  larva  xvas 
taken  in  the  upper  50  til  during  the  clay  in  late  spring, 
suggesting  that  smaller  post  larvae  may  inhabit  the  upper  .30 
m. 

As  would  be  expected  from  the  observed  stage  stratifi¬ 
cation.  si/e  stratification  also  was  quite  prominent  at  night. 
Only  the  smallest  individuals  migrated  into  the  upper  50  m 
at  night  in  each  season:  all  but  two  specimens  (one,  27  mm, 
in  winter  and  one,  21  mm,  in  late  spring)  captured  at  that 
depth  were  smaller  than  20  mm  SI.  (Table  50).  Except  for 
three  juveniles  taken  between  201  m  and  700  til  in  late 
summer,  all  individuals  less  than  35  mm  SI.  were  taken  in 
tlie  upper  100  m,  and  all  those  greater  than  34  nun  SL 
xvere  below  100  m  in  each  season.  The  mean  size  of  speci¬ 
mens  captured  in  the  upper  100  in  was  noticablv  smaller 
than  that  of  those  taken  below  100  m  (  Table  50). 

Regular  cliel  vertical  migrations  occurred  at  all  seasons; 
only  a  single  individual  (a  17  nun  juvenile  in  late  summer) 
was  taken  at  day  depths  during  the  night. 

Migration  times  could  be  determined  only  for  late  sum¬ 
mer  due  to  the  poor  day  catches  in  winter  and  late  spring. 
An  upward  migration  time  of  about  5.0  hours  and  a  down¬ 
ward  migration  lime  of  about  3.5  hours  are  suggested  by 
capture  data  for  I)  mollis  Day  depths  were  still  occupied 
between  3.0  and  4.0  hours  before  sunset,  and  the  species 
was  taken  in  the  upper  50  m  by  1 .5  hours  after  sunset.  Day 
depths  xvere  occupied  between  2.5  and  3.5  hours  after 
sunrise,  and  some  depths  within  the  nocturnal  range  were 
still  occupied  at  or  near  sunrise;  specimens  were  captured 
at  about  90  in  and  200  in,  but  not  at  45  til  or  110  ill. 
Assuming  an  upward  migration  time  of  5.0  hours  and  a 
downward  migration  time  of  3.5  hours,  migration  rates  of 
92  m/hr  and  I  3  I  m/hr.  respectively  ,  were  obtained  for  diel 
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I'abi  1  :>1.  -Sr.iNorul  nij»hi  lo  tl.»\  catch  ratios  of  Diaphus  mollis  (Al)  — 
atlult;  j  l  \  =  |u\fiuk‘;  PI.  =  posikif\.i:  SAD  =  Mihadult:  I'OT  =  total  of 
all  staj;*  *  —  no  cat<  h  during  one  or  U»th  diel  periods). 
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migrations  between  depths  of  maximum  abundance. 

Pa  ichinhxs. —  Apparently  the  species  is  well  dispersed  by 
d.i\  at  all  seasons.  The  only  signif  icant  CD  value  (for  samples 
from  101-130  m  in  late  summer)  was  the  result  of  a  single 
positive  collection  taken  near  the  beginning  of  the  evening 
crepuscular  period;  specimens  captured  in  that  sample  mav 
have  been  earlv  migrants.  At  night,  clumped  distributions 
were  indicated  at  50-100  m  in  winter,  and  51-100  ill  in 
late  spring  and  late  summer.  At  each  season  the  two  most 
abundant  developmental  stages  apparently  were  responsible 
for  all  or  most  of  the  clumping  (Table  50).  Significant 
c  lumping  was  indicated  at  the  cleptli  of  maximum  abun¬ 
dance  of  juveniles  (50  m)  a. id  subadults  (51-100  in)  in 
w  inter,  and  subadults  and  adults  in  late  spring.  In  late 
summer  significant  c  lumping  was  not  indicated  at  the  depth 
ol  maximum  abundance  (S3  in)  of  juveniles,  but  only  two 
samples  were  made  in  the  upper  50  m.  Clumping  was 
indic  ated  in  late  summer  at  51-100  in  where  juveniles  also 
dominated  the  catch.  Subadults  were  most  abundant  at  that 
depth. 

Night: Day  Catch  Ratios.— Night-to-day  catch  ratios 
for  disc  rete-depth  samples  were  3.3:1  in  winter,  2. '2:1  in 
late  spring,  and  1.1:1  in  late  summer  (Table  51).  Catch 
rates  f  or  eac  h  ol  the  three  older  stages  were  greater  at  night 
than  hv  das  for  each  season  sampled,  but  subadults  and 
adults  were  relatively  much  more  abundant  at  night  than 
juveniles.  In  late  summer,  when  juveniles  accounted  for 
almost  85  percent  of  the  combined  dav  and  night  catches, 
the  night-to-dat  c  atc  h  ratio  was  least  deviant  from  1  to  I . 
As  would  be  expected  from  these  observations,  the  mean 
si/e  of  specimens  taken  at  night  was  greater  than  that  of 
spec  imens  taken  In  dav  at  each  season  (35.fi  vs  34.5  mm  in 
winter,  38.2  vs  37.2  mm  in  late  spring,  and  18.2  vs  15.6 
mm  in  late  summer).  In  winter  and  late  summer,  specimens 
larger  than  10  mm  were  taken  only  at  night.  The  fact  that 
the  ratios  appear  related  to  si/e  suggests  that  increased  net 
a'  oidanc  e  In  dav  w  as  mainlv  responsible  for  low  day  c  atc  hes. 


Diaphus  perspicillatus 

I  his  tropical  species  (Backus  et  al.,  1077)  is  rare  near 
Bermuda,  being  represented  in  the  collec  tions  bv  a  total  of 


17  specimens.  10-60  mm.  All  were  caught  between  Feb¬ 
ruary  and  September.  This  is  a  moderate-si/e  lanternfish 
maturing  at  50-51  mm  and  growing  to  about  71  mill 
(I  lullcn.  I  OKI).  The  Ocean  Acre  specimens  include  ten 
juveniles  1 0—37  mm.  five  subadults  40-58  nun,  and  two 
adult  males  57-60  111111.  Based  upon  the  lack  of  adult  females 
and  juveniles  at  or  near  the  si/e  of  transformation  at  till 
seasons,  and  the  lack  of  specimens  of  all  stages  in  fall  and 
earU  winter.  I).  perspicillatus  probably  is  not  a  breeding 
resident  of  the  study  area.  Nafpaktitis  ( 1 968)  indic  ated  that 
the  main  spawning  area  is  south  of  the  Sargasso  Sea. 

Four  of  the  five  fish  caught  during  the  paired  seasonal 
cruises  were  taken  in  discrete-depth  tows;  three  at  18-70 
m  during  the  night  (all  seasons  combined),  and  one.  a 
probable  contaminant,  at  1 501  -i  550  m  by  day  in  late 
spring.  Five  specimens  (36-60  mm)  were  taken  in  the  upper 
50  m  at  night  in  August  with  the  Fngel  trawl.  Clarke  (1973) 
gave  a  depth  range  of  490-600  m  by  day  and  1  5- 1 00  m  by 
night  for  D.  perspicillatus  (as  I).  elucens)  near  Hawaii. 

Diaphus  problematicus 

This  large  tropical  lanternfish  (Backus  et  al.,  1977)  is 
most  abundant  in  the  Caribbean  Sea  (Nafpaktitis  et  al., 
1977).  Diaphus  problematicus  grows  to  105  mm  (Parin  et  al.. 
1977),  maturing  at  about  64-78  mm;  maximum  si/e  in  the 
Ocean  Acre  collections  was  79  milt.  'File  few  gravid  or 
nearly  gravid  females  and  very  young  juveniles  (1  1-12  mm) 
f  rom  the  North  Adamic  are  mostly  from  the  eastern  bound¬ 
ary  of  the  Caribbean  Sea  (Nafpaktitis,  1968).  The  species  is 
rare  in  the  study  area;  there  are  only  24  specimens  in  the 
Ocean  Acre  collections,  8  of  w  hich  were  taken  during  the 
paired  seasonal  cruises. 

Juveniles  were  32-48  mm,  subadults  48-79  mm,  and 
adults  (all  males)  68-75  mm.  At  sizes  larger  than  about  55 
mm  males  have  noticeably  larger  Dn  and  Vn  luminous 
organs  than  females. 

Tile  overall  low  abundanc  e,  the  lack  of  adult  females  and 
small  juveniles  (11-12  mm),  and  the  generally  restricted 
geographical  distribution  of  these  stages  in  the  Atlantic 
indicate  that  D.  problematicus  is  not  a  breeding  resident  in 
the  Ocean  Ac  re. 

Discrete-depth  samples  include  four  fish:  two  from  night 
samples  in  late  spring  at  1 50  and  205  in;  and  two  in  late 
summer,  one  at  about  625  m  during  the  dav,  and  the  other 
at  about  500  m  near  sunset. 


Diaphus  rafinesquii 

This  is  a  large  mvetophid,  grow  ing  to  89  mm  in  the  study 
area  (Gibbs  et  al.,  1971),  whic  h  is  about  the  maximum  size 
attained  (Nafpaktitis  et  al..  1977).  File  species  reaches  sex¬ 
ual  maturity  at  about  65  mm  (Nafpaktitis,  1(168;  50  mm 
according  to  Taaning,  101  8).  A  common  temperate-semi- 
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Militro|)i(  .il  spec  ics  ( Backus  cl  a  I..  1  ‘177)  ii  is  mosl  abundant 
in  |  he  \<>iih  Atlanta  temperate  region  ( Nafpaktitis  et  al., 
1977).  It  is  iiimiiniii  near  Bermuda.  being  represented  in 
the  Ocean  \<  re  collections  bv  M2  specimens;  I'M  were 
i  attain  dm  ina  the  paired  seasonal  cruises.  128  of  these  in 
(list  ret c-depth  samples,  ol  which  99  were  t  aught  in  mint  re- 

j Hist  u lac  tOUS. 

Diyuopmkni  ai  S  i  vc.rx. — The  one  post  larva  was  II 
mm.  juveniles  9-20  mm.  su  bat  hi  Its  ( >  I  —  S  7  mill,  and  the  on  Iv 
adult  (a  male)  tin  mm.  All  juveniles  had  small,  barelv  (lis¬ 
ten  ii  hie  gonads  that  t  on  Id  not  be  sexed  under  the  disserting 
mil  cost  ope.  Females  showed  little  development  of  ovaries 
or  eggs,  with  most  eggs  less  than  0.1  mm  ill  diameter,  the 
maximum  si/e  observed.  Subjectively,  males  seemed  to  be 
more  developed  sexually  than  females.  Males  had  a  larger 
Yit  than  females  ol  a  t  om  pa  table  si/e.  II  le  re  also  mav  he  a 
sexual  dimorphism  in  si/e.  Males  were  01-82  mm  and 
females  t>7>-87  mm.  A  greater  proportion  of  females  than 
males  were  larger  than  70  mm  (AT  vs  17  percent).  Data 
giv  en  hv  ( .oodvear  et  a  I.  (1072)  lor  fish  taken  in  the  Medi¬ 
terranean  Sea  also  show  a  difference  in  si/e  for  the  sexes; 
adult  males  were  7>9-09  mill  and  adult  females  7)4-78  mm. 

Rl  l*KC>l>t  C  I  1VT  Cyci.k  and  St  ASONAI  Abcnoanck. — 
I  he  life  historv  of  />.  rafniesqun  in  the  studv  area  is  quite 
t  omplex  and.  as  is  the  case  with  I),  mrtopoclampus,  mav 
involve  migi  at  ions  into  anti  out  of  1 1  it-  studv  area.  Spawning 
ptohahlv  titles  not  take  plate  in  the  studv  area.  Therefore, 
the  population  must  he  maintained  bv  recruitment  from 
outside,  possible  from  the  north  oi  northeast.  The  parent 
population  spawns  in  fall-winter.  The  life  span  probable  is 
at  least  two  veals. 

Abundant  e  was  greatest  in  late  spring,  when  the  catch 
((insisted  onlv  of  subadults  in  excess  of  00  mm.  It  was 
miei  mediate  m  winter  and  least  m  late  summer.  In  winter 
juveniles  u((ountcd  for  near Iv  7(1  percent  of  the  catch 
l  I  able  7)2). 

All  spe(  i i riens  w  ei  e  oil  bet  M— A  1  mm  or  0  I  -87  111111.  Small 
fish  were  taken  from  januarv  to  April.  All  those  9-12  mm 
were  i  aught  in  |atmar\.  I  .a  rgc  fish  were  taken  al  all  seasons 
and  t  oust  it  u  ted  the  cut  it  e  (  alt  h  from  [line  to  December. 

I  hr  lac  k  of  spei  imeiis  92  -BO  mm  in  the  Ocean  Ac  re 
(ollei  lions,  although  puzzling,  probable  reflec  ts  (he  situa¬ 
tion  in  the  studv  area  rather  than  a  sampling  bias.  This 
suggests  dial  bv  A  pi  i  I  mosl  voting  specimens  have  either 
died  ol  migialed  out  of  the  studv  area.  I  hcreforc.  large 
fish  must  inigialc  into  the  ana  to  maintain  their  numbers, 
lo  ai  (  omit  lot  i boil  picseiur  al  all  seasons,  tliev  must 
cil  lit  t  ho  able  to  suivive  in  the  ,n  ea  oi  must  migrate  into 
tin  aiea  on  a  legul.u  ol  periodic  basis.  I  Ills  situation 
app.ni  lit  I  v  is  umt|or  lo  die  studv  aiea.  Mosl  ol  the  missing 
si/es  have  been  taken  east  ol  the  aiea  (lluliev.  pci  Nona  I 
c  om  1 1 1  u  me  at  mil  i .  m  the  Meditei  i  .mean  Sea  (Goodyear  el 
al  .  1 1  * ~ 2 1  in  slope  vvatei  nc.it  I  ludson  ( ianvon  (  Krueger  (  ' 
al  .  1 1 1 7  t ;  prison,  il  obsc  i  v  al  ion),  and  neat  the  (.anarv  Is¬ 
lands  (  Bach  oi  k .  1970).  Ml  In  nigh  all  females  (  apt  tired  m  I  lie 


studv  area  were  larger  than  the  reported  size  at  sexual 
maluritv  for  other  populations  of  I),  rafinesquii  (  Taaning. 
1918;  \afpaktilis.  I  9(iX;  (  aiodvear  el  al..  I  972),  none  were 
ripe  or  nearlv  so.  \alpaklitis  (1908)  suggested  that  the 
species  is  an  expatriate  in  the  western  North  Atlantic  and 
that  spawning  does  not  occur  west  of  40°  YV.  Although  the 
absence  of  ripe  females  in  the  collec  tions  would  support  this 
hypothesis.  the  recruitment  of  juveniles  9-12  mm  (the  si  ze¬ 
al  metamorphosis;  Taaning,  1918)  in  |anuarv  docs  not ,  and 
suggests  that  there  mav  be  a  breeding  population  not  too 
distant  from  Bermuda.  In  am  case,  the  patent  population 
must  spawn  in  fall  or  winter,  the  spawning  season  in  the 
Mediterranean  Sea  (Taaning.  1 9 1  8;  ( ioodvear  et  al..  1972), 
to  ac  count  for  the  capture  of  suc  h  small  rec  ruits. 

In  winter  small  fish  predominate.  These  juveniles  are 
mostly  9-12  mm  in  |anuarv  and  18-21  mm  in  Fcbruarv. 
Bv  late  spring  all  small  llsh  have  died  or  left  the  area,  and 
the  catc  h  consists  exclusivelv  of  subadults.  Abundance  in 
late  spring  is  nearlv  twice  that  in  winter  (Table  7)2).  sug¬ 
gesting  that  there  has  been  a  migration  of  large  fish  into 
the  studv  area.  Bv  late  summer  abundance  is  drastically 
reduced,  with  onlv  a  few  00-07)  111111  specimens  being 
caught.  This  reduction  in  abundance  mav  be  due  to  failure 
of  large  fish  to  survive  in  the  area  or  to  their  migrating  out 
of  the  area. 

It  is  unlikely  that  the  largest  juveniles  caught  in  winter 
(2b  mm)  and  the  smallest  subadults  in  late  spring  (fill  mm) 
represent  the  same  recruit  class  at  different  ages.  The 
capture  ol  large  fish  at  all  seasons  suggests  a  lile  span  of  at 
least  two  years. 

Skx  Ratios. — Fewei  than  1 0  subadults  and  adults  were 
taken  ill  either  late  summer  and  winter,  with  the  sexes 
about  equally  numerous  in  the  collections  (  Table  7>9).  In 
late  spring  females  were  slightly  more  i microns  than  males 
with  a  ratio  of  1 .2: 1 . 

Vkrticai.  Distriiu  tion. — Depth  range  bv  day  in  winter 
was  fa  I  -OaO  m  with  maximum  abundance  at  47)1-7)00  ill, 
in  late  spring  47)1-700  in  with  no  apparent  concentration 
at  am  depth,  and  in  late  summer  three  fish  were  taken  at 
(iO  1  -b.aO  m.  Nocturnal  vert ic  al  range  in  winter  was  40-200 
m  and  A 7)  I  -7)7)0  m  with  a  slight  concentration  .it  7)1-100 
m,  in  late  spring  A 7)  I  - bOO  m  with  a  maximum  abundance 
at  7)01-7)7)0  m,  and  in  late  summer  one  fish  was  taken  at 
4  31  -7)00  m  (  Table  7)4). 

Stage  and  size  stratification  were  evident  dav  and  night 
in  vv inter,  and  size  stratification  bv  night  in  late  spring. 

Bv  dav  m  w  inter  juv  eniles  1 71—20  mm  were  taken  al  47)1- 
7)00  m.  those  10-1  I  mm  at  bO  I -07)0  m.  and  one  subadult 
was  taken  al  7)01-7)7)0  m  and  another  at  00 1-07)0  m.  Al 
night  m  winter  all  juveniles  were  taken  in  the  upper  200  in. 
while  subadults  were  all  from  A7)  I  — "  7)0  in.  Juveniles  were 
stratified  bv  size,  those  10-12  mm  long  were  from  17)1- 
200  m  and  those  29-20  mm  from  7)1-100  m;  intermediate 
sizes  wet  e  taken  al  10-200  ill.  Suhadults  also  showed  a  size 
si  i  a  l  i  lie  a  t  ion  dining  the  dav  with  an  increase  in  maximum 
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Tabi.i  -  — Seasonal  abundance  and  pe  n  c  ue  of  total  abundance  (in  paren¬ 
theses!  lor  lUaphus  rafinesquii  (AO  =  adult:  Jl  V  =  juvenile;  SAD  — 
subadult;  I'OT  =  total  l  ire  figure  lor  abundance  is  the  sum  of  the  catch 
rales  lor  all  50-nt  intervals,  with  interpolation  for  unsampled  intervals,  at 
the  diel  period  showing  the  greatest  total  abundance). 


1  ARi.it  —  Numbers  of  eac  h  sex  for  each  stage  of  IHaphui  rafmesqun  (AO 
=  adult.  K  =  female:  JL'V  =  juvenile:  M  =  male:  SAO  =  subadult:  IO  f  = 
total  ol  all  three  stages). 


SEASON 

JUV 

SAO 

AD 

TOT 

WINTER 

6.6(6<t.7) 

2.0(30.3) 

0 

6.6 

LATE 

SPRING 

0 

12.  Ml  00.0) 

0 

12. A 

LATE 

SUMMER 

0 

1 . 1  (68.8) 

0.5(31.2) 

1.6 

SEASON 

JUV 

SAD 

AD 

TOT 

M 

F 

M 

F 

M 

F 

M 

F 

WINTER 

0 

0 

U 

5 

0 

0 

U 

5 

SPRING 

0 

0 

29 

35 

0 

0 

29 

35 

SUMMER 

0 

0 

2 

3 

1 

0 

3 

3 

I  abi.i:  5-4. — Vertical  distribution  bv  50-m  intervals  of  Diaphus  rafmesquii  (AO  —  adult;  JL'V  =  juvenile;  N 
=  numher  of  specimens;  PI.  =  postlarva;  SA  =  subadult;  SL  =  standard  length  in  mm;  TO  C  =  total;  X  = 
mean;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  isterisk  in  \  column  =  unsampled  interval  with  interpolated  catch). 
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1*51-  500 
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501-  550 
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70.0 

70 

<1 

<1 
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551-  600 

<1 

<1 

1 

76.0  76 

601-  650 

1  <1 

1 

3 

36.0 

10-87 

1 

1 

2 

70.0  67-73 

1 

<1 

1 

3 

67.O  66-68 

651-  700 

<1  <1 

<1 

;’c 

<1 

<1 

6 

70.7  67-76 

<1 

<1 

<1 

701-  750 

- 

- 

- 

TOTALS 

5  1 

6 

1  1 

1 

1 

8 

1 

<1 

1 

3 

NIGHT 

1-  50 

1 

1 

6 

18.2 

16-20 

51-  100 

2 

2 

15 

20.8 

16-26 

101-  150 

<  1 

<t 

1 

19-0 

19 

151-  200 

201-  250 

251-  300  - 

301-  350 

1 

1 

8 

16.6 

10-22 

<! 

<1 

A 

351-  600 

601-  650 

<1 

<1 

1 

67.O 

67 

<1 

<1 

1 

70.0  70 

651-  500 

1 

1 

2 

72.8 

67-76 

2 

2 

6 

66.5  66-70 

<1 

<1 

l 

69.O  69 

501-  550 

1 

1 

2 

76.O 

70-78 

8 

8 

26 

69.0  66-76 

551-  600 

2 

2 

6 

76.1  65-82 

- 

- 

- 

TOTALS 

6  2 

6 

33 

12 

12 

37 

<1 

<t 

1 

.mil  me, tit  si/e  with  depth,  hut  only  five  fisli  were  Taken 
(  I  able  I ). 

lit  night  in  late  spring  larger  subadults  (77-8!?  mm)  were 
I  a  ken  chi  It  a  l  I  -fiOO  in,  and  l  hose  fil-7b  mm  were  taken 
flit  ottghotit  the  range.  Mean  and  maximum  st/es  increased 
tt  ith  dept  1 1  from  I  ,'r  I  -(><)()  ill  (Table  ml). 


Only  juveniles  undergo  extensive  diel  migrations,  but  at 
least  some  subadults  show  a  slight  change  in  depth  over  a 
21  hour  period. 

In  winter  all  juveniles  were  taken  at  40-200  m  at  night, 
or  about  TOO— 450  ill  shallower  than  day  depths.  Few  sub- 
adults  were  taken  bv  dav,  but  in  each  season  the  upper 
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Tarlk  53. — Seasonal  night  to  dav  catch  ratios  of  Diaphus  rafinesquii  (AI) 
=  adult;  JI  V  =  juvenile;  SAL)  =  subadult;  TOT  —  total  of  all  stages;  *  = 
no  catch  during  one  or  both  diel  periods). 


SEASON 

JUV 

SAD 

AD 

TOT 

WINTER 

0.9:1 

1.5:1 

ft 

1.1:1 

LATE 

SPRING 

* 

6.5:1 

ft 

6.5:1 

LATE 

SUMMER 

* 

0.2: 1 

ft 

0.1:1 

depth  limit  at  night  was  shallower  than  by  dav.  Although 
this  could  he  due  to  enhanced  diurnal  net  avoidance,  a 
slight  upward  shift  of  at  least  some  large  fish  seems  a  more 
like! v  cause  for  the  shallower  upper  depth  limit  at  night. 
Goodyear  el  al.  (1972)  noted  a  similar  restricted  diel  migra¬ 
tion  in  large  /).  rafinesquii  in  the  Mediterranean  Sea,  with 
small  fish  having  a  more  extensive  diel  migration.  Badcock 
(1970)  and  Badcock  and  Merrett  (1976)  noted  a  similar 
pattern  in  the  eastern  Atlantic. 

Patch  tv  less. — A  patch  v  distribution  was  indicated  at 
night  at  51-1 00  m  in  winter  and  at  451-500  m  in  late 
spring.  Only  juveniles  were  caught  at  51-100  m  in  winter, 
and  only  subadults  were  taken  at  451-500  m  in  late  spring. 

The  significant  CD  value  obtained  for  samples  taken  in 
the  upper  50  m  in  winter  may  have  been  due  to  a  vertical 
concentration  rather  than  horizontal  patchiness.  Of  10  sam¬ 


ples  made  at  18  in,  54  m,  40  m,  and  50  m,  only  the  single 
sample  at  40  in  was  positive. 

Nic;ht:1)av  Catch  Ratios. — Night-to-dav  catch  ratios 
(including  interpolated  values)  for  discrete-depth  captures 
were  1.1:1  in  winter,  6.5:1  in  late  spring,  and  0.1:1  in  late 
summer  (  Table  55). 

in  late  spring,  when  the  catch  was  exclusively  subadults, 
the  night  catch  was  considerably  greater  than  the  day, 
suggesting  that  there  was  greater  net  avoidance  during 
daytime.  However,  there  was  a  diel  difference  in  patchiness, 
which  could  have  affected  catch  rates.  Sample  sizes  were  so 
small  in  late  summer  that  catch  rates  have  little  reliability. 


Diaphus  splendidus 

This  large  myctophid  grows  to  about  90  mm,  becoming 
sexually  mature  at  about  50-55  mm  (Nafpaktitis  et  al., 
1977);  maximum  size  in  the  Ocean  Acre  collections  was  75 
mm.  A  tropical-semitropical  species  (Backus  et  al.,  1977),  it 
is  most  abundant  in  the  Caribbean  Sea  and  other  parts  of 
the  western  tropical  Atlantic  (Nafpaktitis  et  al.,  1977).  It  is 
an  "uncommon"  myctophid  near  Bermuda,  being  repre¬ 
sented  bv  82  specimens  in  the  Ocean  Acre  collections;  27 
were  caught  during  the  paired  seasonal  cruises,  20  of  these 
in  discrete-depth  samples,  all  in  noncrepuscular  tows. 

Juveniles  were  17-35  mm,  subadults  38-75  mm,  and 


Tabi.f.  56. — Vertical  distribution  by  50-nt  intervals  of  Diaphus  splendidus  (AD  =  adult;  JUV  =  juvenile;  N 
=  number  of  specimens;  PL  =  postlarva;  SA  =  subadult;  SI.  =  standard  length  in  mm;  TOT  =  total;  X  - 
mean;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 
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adults  (all  males)  54-66  mm.  No  adults  were  taken  during 
the  paired  seasonal  cruises. 

Because  the  collections  contain  neither  adult  females  nor 
very  small  juveniles  (10-12  mm),  it  is  not  likely  that  D. 
splendulus  spawns  in  the  study  area.  Periodic  recruitment 
Irom  the  spawning  area,  presumably  the  Caribbean  Sea 
(Nafpaktitis,  1968),  is  necessary  for  the  population  to  main¬ 
tain  itself.  I  he  size-frequency  distribution  of  the  catch  in 
late  spring  and  late  summer  (including  Fngel  trawl  collec¬ 
tions)  indicates  that  at  least  two  age  groups  are  present  at 
those  times. 

Depth  for  all  seasons  combined  was  by  day,  501-650  m 
and,  by  night,  51-250  m  (Table  56). 

Diaphus  subtilis 

I  bis  fairly  large,  uncommon  tropical-semisubtropical  lan¬ 
tern  fish  ( Nafpaktitis  et  a I.,  1977)  is  represented  in  the  Ocean 
Acre  collections  by  five  specimens,  26-56  mm,  taken  in 
open  net  ttnvs  from  July  to  September.  This  species  grows 
to  about  85  mm  standard  length  and  matures  at  about  70 
mm  (Nafpaktitis  et  ah,  1977). 

Diaphus  termophilus 

This  presumed  tropical  species  (Backus  et  ah,  1977)  is 
found  in  the  Atlantic  Ocean  mainly  in  the  Caribbean  Sea 
and  its  immediate  vicinity  (Nafpaktitis,  1 968);  it  is  also  found 
in  the  tropical  Pacific,  but  apparently  not  in  the  Indian 
Ocean  (Nafpaktitis  et  ah,  1977).  This  moderately  large 
mvctophid  grows  to  about  75  mm  (Nafpaktitis  et  ah,  1977). 
It  is  rare  near  Bermuda.  A  total  of  nine  fish,  14-60  mm, 
was  taken  from  April  to  September.  Two  individuals  were 
caught  in  discrete-depth  samples;  one  at  230  m  during  the 
night,  and  the  other  at  290  m  near  sunrise. 

Diogenichthys  atlanticus 

This  small  lanternfish  grows  to  a  size  of  22  mm  in  the 
study  area,  and  very  few  specimens  exceed  18  mm.  Nafpak¬ 
titis  et  ah  (1977)  report  it  to  attain  29  mm.  An  unevenly 
distributed  tropical-subtropical  species,  it  is  one  of  the  rank¬ 
ing  mvctophids  in  the  North  Atlantic  subtropical  region 
(Bac  kus  et  ah,  1977).  Diogenichthys  atlanticus  is  very  abun¬ 
dant  m  the  study  area,  being  the  second  most  abundant 
lanternfish  in  both  winter  and  late  spring  and  the  fifth  most 
abundant  in  late  summer  (Table  131).  The  collections  con¬ 
tain  1013  specimens  in  all;  2824  were  caught  during  the 
paired  seasonal  cruises,  1866  of  these  in  discrete-depth 
samples,  of  which  1310  were  from  noncrepuscular  tows 
(  Table  23). 

Developmental  Stacks. — Postlarvae  were  5-13  mm, 
juveniles  I  1-16  mill,  subadults  13-21  mm,  and  adults  14- 
22  mm.  F.ven  the  smallest  juveniles  have  recognizable  ova¬ 


ries  or  testes  and,  as  a  result,  95  percent  of  all  juveniles 
examined  could  be  sexed.  Adult  females  contained  ova  as 
large  as  0.5  mm  in  diameter,  but  most  had  eggs  0.2-0. 4 
mm.  There  was  no  apparent  sexual  dimorphism  in  size  for 
any  stage.  Sexual  dimorphism  is  evident  externally  at  a  size 
of  15-16  mm,  with  females  developing  infracaudal  lumi¬ 
nous  tissue  and  males  developing  supracaudal  luminous 
tissue  and  a  larger  Dn  than  females. 

Reproductive  Cycle  and  Seasonal  Abundance. — Di¬ 
ogenichthys  atlanticus  has  a  life  cycle  of  about  one  year. 
Spaw  ning  apparently  lakes  place  most  or  all  of  the  year,  but 
w  ith  very  pronounced  peaks  in  spring  and  fall.  The  popu¬ 
lation  was  dominated  by  young  fish;  postlarvae  and  juveniles 
together  constituted  from  59  percent  of  the  catch  in  late 
summer  to  92  percent  in  late  spring.  Total  abundance  and 
that  of  the  three  younger  stages  was  greatest  in  winter.  In 
late  spring  total  abundance  and  the  abundance  of  all  stages, 
except  postlarvae,  was  lowest.  Adults  were  most  abundant 
in  late  summer,  when  they  accounted  for  nearly  1 8  percent 
of  the  total  catch  (Table  57).  The  maximum  abundance  of 
adults  in  late  summer,  and  of  postlarvae  and  juveniles  in 
winter,  suggests  that  most  spawning  occurs  in  fall. 

Postlarvae  were  caught  in  the  greatest  numbers  in  June- 
July  and  January,  and  adults  in  August-September  and 
February-March.  This  indicates  that  the  most  spawning 
takes  place  in  fall  and  spring. 

In  late  summer,  juvenile  recruits  from  the  spring  spawn 
accounted  for  about  half  of  the  catch,  with  the  remainder 
being  mostly  adults  and  subadults.  Postlarvae  were  at  their 
minimum,  indicating  that  spawning  was  reduced  from  late 
spring  to  summer.  Adults,  subadults,  and  probably  large 
juveniles  (larger  than  14  mm)  were  spawned  the  previous 
late  summer-fall  and  would  soon  mature  and  spawn. 

In  winter  juveniles  comprised  half  of  the  catch,  and 
postlarvae,  most  of  which  were  caught  in  January,  made  up 
about  one-quarter.  Most  of  these  recruits  from  the  fall 
spawn  presumably  would  mature  over  the  spring  and  sum¬ 
mer  and  spawn  in  the  fall  at  about  one  year  of  age.  Adults, 
subadults,  and  perhaps  large  juveniles,  most  of  which  were 
spawned  the  previous  spring,  would  soon  mature,  ripen, 
and  spawn.  The  combined  abundance  of  subadults  and 

Tablk  57. — Seasonal  abundance  and  percent  of  total  abundance  (in  paren¬ 
theses)  for  Diogenichthys  atlanticus  (AD  =  adult;  JUV  =  juvenile;  PL  = 
post  larva;  SAD  =  subadult;  TOT  =  total.  The  figure  for  abundance  is  the 
sum  of  the  catch  rates  for  all  50-m  intervals,  with  interpolation  for  unsam¬ 
pled  intervals,  at  the  diel  period  showing  the  greatest  total  abundance). 
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adults  ini  reused  slightly  from  the  late  summer  level,  because 
those  lost  through  postspawning  mortality  in  fall  were  re¬ 
played  in  winter  In  fish  that  were  juveniles  in  late  summer. 

H\  late  spring  the  second  spawning  peak  had  passed.  Few 
large  fish  remained,  and  post  larvae  and  juveniles  accounted 
for  slight l\  more  than  90  percent  of  the  catch.  The  estimate 
of  the  abundance  of  recruits  probably  is  much  too  low,  for 
the'  catch  of  post  larvae  in  July  was  considerable,  and  those 
fish  probable  were  too  small  to  be  retained  bv  the  nets  in 
June.  This  low  estimate  of  tne  abundance  of  young  fish, 
together  with  the  virtual  absence  offish  larger  than  15  mm 
(  Table  37),  resulted  in  the  minimum  abundance  observed 
in  late  spring. 

St  x  Ratios. —  The  sexes  probably  are  equally  abundant 
at  all  seasons.  Males  were  more  numerous  than  females  in 
winter  and  late  spring,  and  slightly  less  numerous  than 
females  in  late  summer,  with  male-to-female  ratios  of  1 . 1 : 1 , 
1.2:1,  and  1.0:1  for  the  respective  seasons.  None  of  these 
differences  were  significantly  different  from  equality  (Table 
58).  Juveniles  of  each  sex  were  taken  in  roughly  equal 
numbers  at  each  season.  Subadult  males  were  more  numer¬ 
ous  than  subadult  females  at  each  season,  and  adult  males 
were  more  numerous  than  adult  females  in  late  spring.  The 
dif  ferences  for  subadults  in  winter  and  late  summer  and  for 
adults  in  late  spring  were  significantly  different  from  equal¬ 
ity.  Adult  females  were  more  numerous  than  adult  males  in 
w  inter  and  late  summer;  the  latter  difference  being  signifi¬ 
cant.  The  differences  noted  for  adults  and  subadults  mav 
represent  a  sexual  dimorphism  in  rates  of  maturity  rather 
than  a  real  difference  in  the  numbers  of  each  sex.  The 
nearly  equal  numbers  of  juveniles  of  both  sexes  at  each 
season  supports  this  view.  Badcock  and  Merrett  (1976) 
reported  a  sex  ratio  of  1:1  for  D.  atlanticus  near  30° N, 
25°VV  in  the  eastern  Atlantic. 

V t  r  i  it :.\t  Distribution. — Day  depth  range  in  winter 
was  501-850  m  (and  probably  deeper)  with  maximum 
abundance  at  601-650  in,  in  late  spring  from  the  surface 
to  I  100  m  with  a  maximum  at  751-800  nt,  and  in  late 
summer  23- 1  1  50  ni  with  a  maximum  at  60 1  -650  nt.  Night¬ 
time  vertical  range  in  winter  was  20-1050  m  with  maximum 
abundance  at  851-900  m  and  a  secondary  concentration  at 


I  ari.k  aH. —  Numbers  of  each  sex  for  each  stage  of  IHogemchlhys  atlanticus 
(Al)  =  adult:  K  =  female;  |l'V  =  juvenile;  M  =  male;  SAD  =  subadult; 
TOT  =  total  of  all  three  stages;  asterisk  =  significant  differences  indicated 
bv  t:hi-st|uare  test  (p  =  .On)). 
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51-100  m,  in  late  spring  50-850  m  (and  probably  deeper) 
with  a  maximum  at  51-1  00  m  and  75  1  -800  m,  and  in  late 
summer  30-1000  m  with  a  maximum  at  51-100  m  and  a 
secondary'  concentration  at  851-900  m  (  Table  59). 

Stage  and  si/e  stratification  were  evident  day  and  night 
at  eac  h  of  the  three  seasons.  Except  for  postlarvae  in  w  inter, 
the  diurnal  vertical  range  of  juveniles  and  postlarvae  was 
more  extensive  than  that  of  subadults  and  adults;  the  latter 
two  stages  never  occurred  at  either  depth  limit  and  were 
confined  to  the  551-800  m  stratum  at  each  season.  Post- 
larvae  were  most  abundant  below  750  in,  while  the  depth 
of  greatest  abundance  of  each  of  the  other  stages  lay  be¬ 
tween  551  and  750  in  at  each  season.  In  winter  juveniles 
and  subadults  were  most  abundant  at  a  shallower  depth 
than  adults.  In  terms  of  size,  fish  taken  in  the  upper  300  ill 
were  all  7-21  mm,  and  all  those  taken  below  750  m  in  late 
spring  and  below  800  ill  in  winter  and  late  summer  were 
11-14  mm.  Fish  larger  than  16  mm  were  concentrated  at 
701-750  in  in  winter  and  at  751-800  in  in  late  summer, 
depths  that  accounted  for  less  than  10  percent  of  the  total 
catch  but  for  more  than  80  percent  of  the  catch  of  larger 
fish  (interpolated  values  are  not  included  in  these  figures). 
'The  mean  size  of  the  catch  from  those  intervals  was  notice¬ 
ably  larger  than  for  any  other  50  m  interval  at  both  seasons. 
Larger  fish,  although  present,  were  not  sampled  by  discrete- 
depth  daytime  tows  in  late  spring. 

At  night  postlarvae  and  juveniles  were  caught  over  a 
greater  range  of  depths  than  subadults  and  adults  (exclud¬ 
ing  the  subadult  and  adult,  both  suspected  contaminants, 
caught  in  winter  at  1001-1050  ill).  Adults  and  subadults 
(again,  excluding  the  suspected  contaminants)  were  caught 
only  in  the  upper  500  m  and  were  most  abundant  in  the 
upper  100  in  at  each  season.  Catches  of  postlarvae  and 
juveniles  were  greater  below  750  m  than  at  shallower  depths 
at  each  season,  although  in  late  spring  greatest  abundance 
of  post  larvae  was  at  51-100  m.  Fish  smaller  than  10  mm 
were  taken  only  in  the  upper  150  m  at  all  seasons.  Those 
larger  than  15  mm  (excluding  the  suspected  contaminants) 
were  taken  only  in  the  upper  100  tn  in  winter  and  late 
spring,  and  only  in  the  upper  500  ill,  but  mostly  the  upper 
100  in,  in  late  summer.  Specimens  10-14  mm  were  taken 
over  most  of  the  depth  range,  and  constituted  the  entire 
catch  made  below  100  m  in  both  winter  (excluding  the 
suspected  contaminants)  and  late  spring,  and  below  650  m 
in  late  summer  (  Table  59). 

Post  larvae  were  stratified  by  size,  and  probably  either  do 
not  migrate  vertically  or  undergo  only  slight  changes  in 
depth  during  a  diel  cycle.  Those  smaller  than  1 0  mm  appear 
to  be  confined  to  the  upper  150  ill,  being  found  deeper 
than  100  m  only  in  late  summer.  Postlarvae  10-11  111111 
were  taken  throughout  the  vertical  range,  but  mostly  below 
750  in.  With  the  exception  of  one  12  mm  specimen  taken 
til  the  surface  during  the  day  in  late  spring,  all  larger 
postlarvae  (12-13  mm)  were  caught  below  750  m.  Ob- 
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Table  59. — Vertical  distribution  bv  50-m  intervals  of  Diogenichthys  atlanticus  (AO  =  adult;  JL’V  =  juvenile; 
N  =  number  of  specimens;  PL  =  postlarva;  SA  —  subadult;  SI.  =  standard  length  in  mm;  TOT  =  total;  X 
=  mean;  blank  spate  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 
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\iouslv,  initial  development  occurs  at  relatively  shallow 
depths,  and  at  10-1  1  nun  postlarvae  descend  to  the  greater 
depths  where  they  transform  into  juveniles.  Small  post  larvae 
(less  than  10  mm)  may  undertake  limited  vertical  move¬ 
ments:  in  late  spring  they  were  taken  in  surface  samples 
only  at  or  near  the  time  of  sunrise.  All  nocturnal  surface 
samples  and  all  those  taken  during  daytime  (but  more  than 
8.0  hours  after  sunrise)  failed  to  catch  this  species  (see 
"Night: Day  Catch  Ratios’"). 

For  juvenile  and  older  stages,  diel  migrations  were  evi¬ 
dent  at  all  seasons  but,  as  indicated  above,  not  all  individuals 
migrated.  Recently  transformed  juveniles  11-13  mm  are 
mostly  nonmigrants,  being  caught  mainly  below  500  m  both 
day  and  night.  Most  juveniles  appear  to  become  regular 
migrants  at  about  14  mm,  as  the  majority  of  juveniles  of 
that  size  were  caught  below  550  m  in  the  daytime  and  in 
the  upper  200  m  at  night.  Except  for  the  suspected  contam¬ 
inants  in  winter  and  possibly  a  few  subadults  at  night  in  late 
summer,  all  nonmigrants  were  postlarvae  and  juveniles 
smaller  than  15  mm  (Table  59). 

About  83  percent  of  the  late  spring,  40  percent  of  the 
late  summer,  and  76  percent  of  the  winter  populations  were 
nonmigrants.  Most  nonmigrants  were  found  at  depths 
greater  than  700  m  (Table  59).  In  late  spring  about  33 
percent  of  the  nonmigrants  were  postlarvae  found  within 
the  upper  1 00  m. 

'l  imes  and  rates  of  vertical  migration  were  not  estimated 
for  late  spring  because  more  than  80  percent  of  the  popu¬ 
lation  apparently  did  not  migrate,  and  almost  all  fish  caught 
during  the  day  were  the  size  of  nonmigrants  (less  than  15 
mm.  Table  59).  Migration  times  in  winter  and  late  summer 
were  based  only  upon  the  capture  of  specimens  larger  than 
14  mm.  In  winter  such  fish  were  caught  at  535  m  no  more 
than  2.3  hours  before  sunset,  and  at  95  m  no  later  than  2.7 
hours  after  sunset  (the  time  that  the  earliest  night  sample 
taken  in  the  upper  100  m  ended).  This  gave  a  maximum  of 
5.0  hours  for  the  evening  migration.  Other  captures,  made 
near  225  m  and  at  130  m  within  1.2  and  0.8  hours  after 
sunset,  respectively,  indicate  that  night  depths  probably 
were  reached  no  later  than  1.5  hours  after  sunset,  a  3.8- 
hour  migration.  In  late  summer  fish  larger  than  14  mm 
were  caught  near  500  m  no  more  than  1.2  hours  before 
sunset,  and  at  75  m  no  later  than  1.2  hours  after  sunset, 
giving  a  maximum  evening  migration  of  2.5  hours.  Based 
upon  this  estimate  and  the  5-hour  migration  for  winter, 
upward  migrations  occurred  from  day  depths  (650  ni)  to 
night  depths  (100  m)  of  maximum  abundance  at  minimum 
rates  of  220  m/liour  in  late  summer  and  1  10  m/hours  in 
winter.  Downward  migrations  apparently  commenced  be¬ 
tween  0.7  and  1.7  hours  before  sunrise  in  winter  and  late 
summer,  as  fish  were  taken  in  the  upper  100  m  between 
those  times  at  both  seasons.  Day  depths  were  reached  no 
later  than  2.0  hours  after  sunrise  in  winter,  giving  a  maxi¬ 
mum  migration  time  of  3.7  hours  and  a  minimum  rate  of 


migration  of  about  150  m/hour  from  night  (100  m)  to  day 
(650  m)  depths  of  maximum  abundance  of  migrant  fishes. 
Fish  larger  than  14  mm  were  not  caught  at  day  depths  by 
3  hours  after  sunrise  in  late  summer;  therefore,  no  estimate 
of  morning  migration  time  was  made. 

Patghinkss. — Daytime  patchiness  was  indicated  in  win¬ 
ter  at  551-650  m  and  in  late  summer  at  601-650  m,  the 
depths  of  maximum  species  abundance  at  both  seasons. 
Juveniles  (which  accounted  for  71-86  percent  of  the  total 
catch  there)  and  subadults  had  their  greatest  abundance  at 
those  depths. 

Patchiness  at  night  was  indicated  in  winter  at  40-100  in 
and  851-900  m,  in  late  spring  near  100  m,  and  in  late 
summer  at  51-1 00  m  and  85 1  -900  in.  These  are  the  depths 
of  maximum  abundance  of  each  stage  in  winter,  of  post¬ 
larvae  and  subadults  in  late  spring,  and  of  all  stages  except 
postlarvae  in  late  summer.  In  winter  and  late  summer 
patchiness  in  the  shallower  stratum  probably  involved  sub¬ 
adults  and  adults,  which  together  were  more  than  70  per¬ 
cent  of  the  catch  taken  in  those  strata,  while  at  851-900  m 
postlarvae  and  juveniles  were  involved.  In  late  spring  patch¬ 
iness  involved  mostly  postlarvae  and  to  a  lesser  extent 
juveniles. 

Significant  (ID  values  obtained  for  day  samples  at  701  — 
750  m  in  winter  and  at  the  surface  in  late  spring,  and  for 
night  samples  at  551-600  in  in  winter  and  151-200  m  and 
301-350  in  in  late  summer,  may  have  been  a  result  of 
distributional  features  other  than  patchiness.  'The  variation 
in  catch  in  samples  taken  at  701-750  m  during  the  day  in 
winter  and  at  150-200  m  at  night  in  late  summer  was 
attributed  to  a  single  sample  taken  near  twilight,  and  prob¬ 
ably  indicates  a  change  in  population  density  at  both  depths 
due  to  vertical  migrations.  Although  depths  of  551-600  m 
in  winter  and  30 1  —35(4  ill  in  late  summer  were  sampled 
during  each  of  the  two  cruises  made  during  the  two  respec¬ 
tive  seasons,  all  or  nearly  all  of  the  catch  was  from  one  of 
the  cruises,  indicating  that  year-to-year  variation  in  popu¬ 
lation  density  was  responsible  for  the  large  variance  in  the 
catch  at  both  of  the  50-m  intervals  in  question.  Four  post¬ 
larvae  were  caught  in  27  daytime  surface  (neuston)  samples 
in  late  spring.  This  indicates  the  rarity  of  D.  atlanticus  in 
superficial  waters  rather  than  patchiness. 

Night:Day  Catch  Ratios. — Night-to-day  catch  ratios 
for  discrete-depth  samples  were  0.7:1  in  winter,  1.0:1  in 
late  spring,  and  1.1:1  in  late  summer  (Table  60).  Although 
the  total  ratios  were  not  significantly  different  from  1:1,  at 
each  season  the  night  and  day  catches  for  one  or  more 
stages  (  Fable  60)  and  for  several  sizes  were  significantly 
different.  It  is  not  likely  that  D.  atlanticus  can  avoid  the  nets 
with  any  great  success;  the  observed  catch  ratios  can  best 
be  explained  by  diel  differences  in  patchiness,  extent  of 
vertical  range,  and  sampling  inequities. 

The  abundance  of  postlarvae  almost  certainly  was  artifi¬ 
cially  low  in  w  inter  and  in  late  spring  day  samples,  because 
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I  abi.f  60. — Seasonal  night  to  dav  catch  ratios  of  Diogenichthys  atlanticus 


(AD  —  adult;  Jl’V  =  juvenile;  PI  =  postlarva;  SAD  =  subadult;  TOT  = 
njT'  total  of  all  stages). 
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SEASON 

PL 

JUV 

SAD 

AD 

TOT 

WINTER 

7.3:1 

0.4:  1 

0.3:1 

1 .0:  1 

0.7: 1 

LATE 

SPRING 

1.6:1 

0.5: 1 

O.to  1 

4.6: 1 

1  .0:  1 

LATE 

SUMMER 

0.7:1 

0.7:1 

2.4:  1 

13-4: 1 

1.1:1 

depths  of  significant  concentrations  of  nonmigrators  at 
night  (851-900  m  and  801-850  m,  respectively)  were  not 
sampled  during  the  day.  But  in  late  spring  the  catch  of 
postlarvae  at  51-100  m  at  night  was  nearly  13  times  larger 
than  the  dav  catch  at  that  depth  (Table  60),  even  though 
the  sampling  effort  during  the  day  was  half  again  greater 
than  that  at  night  (Table  '2).  All  of  these  postlarvae  were 
taken  at  91-96  m;  depths  that  were  adequately  sampled  (4 
or  more  hours)  in  the  davtime.  Clearly  postlarvae  in  the 
upper  lasers  must  undergo  at  least  limited  diel  vertical 
movements.  Because  there  were  no  day  samples  made  be¬ 
tween  100  and  150  m,  a  diel  shift  of  as  little  as  10  m  could 
explain  the  virtual  absence  of  postlarvae  in  day  samples  in 
the  upper  layers  at  that  season. 

Although  the  day  catch  of  juveniles  was  about  1.5-2. 5 
times  larger  than  the  night  catch,  at  each  season  there  was 
a  depth  of  considerable  concentration  of  juveniles  at  night 
(between  751  and  900  m)  that  was  not  sampled  during  the 
day.  At  each  season  some  juveniles  migrated  into  the  upper 
200  m  at  night,  but  the  catch  from  these  depths  was  always 
small.  It  is  possible  that  at  night  juveniles  may  have  been 
concentrated  at  some  depth  that  was  not  sampled,  or  that 
they  were  relatively  uniformly  distributed  over  a  broad 
depth  range.  For  example  at  night  in  winter  a  total  of  three 
fish  was  caught  in  discrete-depth  samples  made  shallower 
than  40  m.  But  41:  specimens  (mostly  subadults  and  adults 
with  a  mean  si/e  of  17  mm)  were  taken  in  an  oblique  tow 
from  19  m  to  the  surface  which  lasted  about  25  minutes  (a 
c  atc  h  rate  of  I  10.4/hour). 

Gortichthys  cocco 

Although  this  medium-size  lanternfish  grows  to  60  mm, 
the  maximum  si/e  in  the  Ocean  Acre  collections  was  45 
min.  with  very  few  exceeding  40  mm.  According  to  Backus 
et  ;d.  (1977),  G.  rorrn  is  a  questionably  tropical-subtropical 
spec  ies  that  is  not  found  in  the  Caribbean  Sea.  Near  Ber¬ 
muda  it  is  an  “abundant"  lanternfish.  It  is  the  most  abundant 
one  that  comes  to  the  surface  at  night,  and  ranks  among 
the  ten  most  abundant  lanternfish  at  all  three  seasons. 
About  95  perc  ent  of  all  spec  imens  caught  were  from  night 


neuston  samples.  Of  the  1 326  specimens  caught,  1112  were 
taken  during  the  paired  seasonal  cruises,  1 057  of  these  from 
surface  samples.  Discrete-depth  samples  made  with  the  3-m 
Isaccs-Kidd  midwater  trawl  during  the  paired  seasonal 
cruises  accounted  for  only  35  specimens. 

Developmental  Stages. — Postlarvae  were  5-15  mm, 
juveniles  13-32  nun,  subadults  26-45  mm,  and  adults  34- 
44  mm.  Most  juveniles  13-20  mm  have  slender  thread-like 
gonads  and  could  not  be  sexed.  Several  fish  larger  than  40 
mm  that  were  categorized  as  subadults  apparently  were 
spent  adults.  Adult  females  contained  eggs  as  large  as  0.45 
mm,  but  most  eggs  were  0.25-0.35  mm  in  diameter.  Sub¬ 
adult  and  adult  males  had  supracaudal  luminescent  glands 
and  subadult  and  adult  females  infracaudal  glands.  There 
was  no  sexual  dimorphism  in  size. 

Reproductive  Cycle  and  Seasonal  Abundance. — 
Gonichthys  cocco  has  a  one-year  life  cycle,  with  very  few,  if 
any,  individuals  surviving  much  beyond  a  year.  Spawning 
occurs  from  winter  to  early  summer,  with  a  peak  in  winter 
or  early  spring.  Abundance  was  greatest  in  late  spring 
('fable  61),  when  G.  cocco  was  the  fourth  most  abundant 
lanternfish,  and  juveniles  were  most  abundant.  Subadults 
and  adults  were  most  abundant  in  winter. 

The  winter  catch  was  dominated  by  juveniles,  but  sub¬ 
adults  and  adults  were  at  their  yearly  high  in  abundance. 
Spawning  evidently  was  low  over  late  summer  and  fall,  as 
most  winter  juveniles  were  20-30  mm,  and  transformation 
occurs  at  about  14  mm  (Taaning,  1918).  By  late  spring 
much  of  the  winter  population  had  matured,  spawned,  and 
died,  resulting  in  a  decrease  in  abundance  of  subadults  and 
adults  and  an  increase  in  juveniles;  in  late  spring  most 
juveniles  were  18-21  mm.  Subadults  and  adults  (small  ju¬ 
veniles  of  the  winter)  would  spawn  and  die  by  late  summer. 
As  a  result  of  postspawning  mortality,  the  older  stages 
virtually  were  absent  at  that  season  (Table  61),  and  most 
fish  were  20  mm  or  smaller.  This  suggests  that  few  fish  live 
more  than  one  year. 

Abundance  most  likely  was  underestimated  both  in  late 
spring  and  late  summer,  as  several  8  mm  postlarvae  were 
taken,  and  fish  less  than  10  mm  probably  W'ere  not  ade¬ 
quately  sampled  by  the  nets.  In  winter  small  juveniles  (16- 
20  mm)  were  at  a  minimum  and  subadults  and  adults  at  a 
maximum.  Continuing  mortality  in  the  recruit  class  should 
have  resulted  in  a  decrease  in  total  abundance  from  late 
summer  to  winter  but,  because  of  the  underestimation  of 
the  late  summer  population,  no  significant  change  was  ap¬ 
parent  (Table  61). 

Sex  Ratios. — The  sexes  probably  are  equally  abundant 
at  all  seasons.  Total  female-to-male  sex  ratios  were  1.0:1  in 
winter  and  1.3:1  at  the  other  two  seasons;  only  the  differ¬ 
ence  in  late  spring  differed  significantly  from  equality  (Ta¬ 
ble  62).  Most  of  the  difference  in  late  spring  was  due  to 
juveniles,  of  which  about  half  could  be  sexed.  Adult  females 
outnumbered  adult  males  in  winter  and  late  spring,  and 
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Iabi  t  (i  1 . — Seasonal  abundance  and  percent  of  total  abundance  (in  paren¬ 
theses)  for  Gomchth\s  cocco  (Al)  =  adult;  JL  V  =  juvenile;  PL  =  postlarva; 
SAD  =  subadult:  TOT  =  total.  Lite  figure  for  abundance  is  the  sunt  ol  the 
eateli  rates  for  all  50-in  intervals,  with  interpolation  for  unsampled  intervals, 
at  the  diel  period  showing  the  greatest  total  abundance). 


Table  62. — Numbers  of  eac  h  sex  for  each  stage  ol  (wruchthys  cocco  (Al)  = 
adult;  K  =  female;  JLV  =  juvenile;  VI  =  male;  SAD  =  subadult;  IOI  = 
total  of  all  three  stages;  asterisk  =  significant  differences  indicated  bv  Chi- 
square  lest  (p  =  .05)). 
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TOT 
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0.7  (  1.8) 

21.8(51*. 5) 

12.2(30.5) 

5-3(13-2) 
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0 . 3  (  0.6) 

42.1 (85.0) 
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SEASON 
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F 

M 
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WINTER 
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94 

70 

66 

27 

31 
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191 

SPRING 

97 

119 

20 

33 

21 

23 

138 

175* 

SUMMER 

7 

12 

2 

0 

0 

0 

9 

12 

Table  bj. — Vertical  distribution  bv  50-m  intervals  of  Gomckthys  cocco  (AD  =  adult;  JUV  =  juvenile;  \  = 
number  of  specimens;  PL  =  postlarva;  SA  =  subadult:  SL  —  standard  length  in  mm;  TO  I  —  total;  X  — 
mean;  blank  space  in  column  ~  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch:  asterisk  in  \  column  =  unsampled  interval  with  interpolated  catch). 
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I  abi  k  64. — Number  of  specimens  per  hour  of  Gonichthys  cocco  in  neuston  samples  made  approximately 
between  sunset  and  sunrise  local  time  (dash  =  no  samples  made). 
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jiiveiiile-s  and  subadults  showed  no  consistent  trend  in  nu¬ 
merical  dominance  of  either  sex.  None  of  the  sex  ratios  for 
individual  stages  differed  significantly  from  equality. 

Ykrticai  Distribution. — Diurnal  catches  in  each  sea¬ 
son  were  poor:  only  19  fish  were  taken  in  all  daytime 
discrete-depth  samples  combined.  The  combined  seasonal 
dav  discrete-depth  samples  give  a  depth  range  of  50 1  - 1 000 
m.  with  no  apparent  depth  preference  (Table  63).  Gonichthys 
cocco  probably  was  well  dispersed  vertically  by  day  at  all 
seasons,  as  all  positive  samples  contained  3  or  fewer  fish. 
One  specimen,  a  probable  contaminant,  was  taken  at  the 
surface  bv  dav  in  late  spring. 

A  dramatic  concentration  takes  place  at  night.  More  than 
95  percent  of  the  nocturnal  catch  in  each  season  came  from 
the  surface  (Table  63).  In  winter  fish  also  were  taken  at 
10 1 -200  m  and  at  751-900  m.  in  late  spring  a  single 
specimen  was  taken  at  51-100  m,  and  in  late  summer  one 
fish  each  was  taken  at  1-50  m  and  851-900  m. 

Only  fish  smaller  than  20  mm  were  taken  below  750  m 
dav  or  night  at  all  seasons  (  Table  63).  Because  day  catches 
in  each  season  contained  mostly  one  developmental  stage 
and  night  catches  were  mostly  from  the  surface,  little  can 
be  said  concerning  stage  stratification. 

Although  most  migrants  were  found  at  or  close  to  the 
surfat  e,  at  each  season  migrants  also  were  taken  well  below 
the  surfac  e.  These  individuals  were  most  abundant  in  win¬ 
ter.  when  juveniles,  subadults,  and  adults  all  were  taken  at 
1  0 1  -200  m  (  Table  63).  In  late  spring  and  late  summer  only 
a  single  migrant  juvenile  was  taken  well  below  the  surface 
(at  90  m  and  33  til,  respectively). 

Apparently,  regular  migratory  behavior  is  assumed  at 
about  16-19  mm.  Larger  sizes  were  all  migrators,  and  a 
few  16-19  mm  juveniles  were  taken  at  day  depths  by  night 
in  winter  and  late  summer.  Nonmigrants  accounted  for 
about  2  perc  ent  of  the  winter  night  catch,  and  less  than  1 
perc  ent  of  that  in  late  summer. 

Migrations  could  not  be  traced  in  any  season  due  to  poor 
diurnal  and  evening  crepuscular  catches.  In  late  summer 
one  fish  was  taken  at  50 1  -550  m  between  2.3  and  1 .3  hours 
before  sunset  and  another  at  101-150  ill  between  1.5  and 
0.5  hours  before  sunset.  Surface  waters  were  occupied  1.5 
hours  or  less  after  sunset  in  each  season.  In  late  spring  fish 
were  taken  at  the  surface  between  1.5  to  0.5  hours  before 
sunrise,  and  in  late  summer  samples  taken  up  to  45  minutes 
before  sunrise  were  negative.  Samples  were  not  taken  within 
1.75  hours  of  sunrise  in  winter.  Table  64  gives  the  catch 
rale  (spec  iiiiens/hotiij  for  selected  times  for  the  five  cruises 
during  which  Houston  samples  were  taken. 

I’.v tchinkss. — Signific  ant  patchiness  was  indicated  at  the 
surface'  In  night  in  eac  h  season.  Table  64  shows  the  great 
variation  in  catch  rates  even  when  samples  taken  from  the 

same  times  on  different  days  are  combined.  Examination  of 

/ 

individual  samples  revealed  even  greater  variation.  Sequen¬ 
tial  samples  often  had  catc  h  rates  that  differed  by  a  factor 


I  ABl.r  65. — Seasonal  night  lo  day  catch  ratios  of  Gonichthys  cocco  (At)  = 
adult;  JUV  =  juvenile:  PI.  =  postlarva:  SAI)  =  subadult;  TOT  =  total  of 
all  stages:  *  =  no  catch  during  one  or  both  diel  periods). 
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of  2  or  more.  Additionally,  on  several  occasions  negative 
samples  were  interspersed  amongst  several  positive  samples. 

A  significant  CD  also  was  obtained  for  late  spring  day- 
surface  samples.  However,  this  was  due  to  the  capture  of  a 
single  fish,  a  probable  contaminant.  This  obviously  is  not 
indicative  of  a  patch v  distribution  even  if  the  capture  is  a 
valid  record  for  G.  cocco. 

NightiDay  Catch  Ratios. — Night  catches  were  con¬ 
sistently  larger  than  those  of  day,  with  ratios  of  13.6:1  in 
winter  70.3: 1  in  late  spring,  and  9.9: 1  in  late  summer  (Table 
65).  'The  large  night  catches  must  be  due,  at  least  partially, 
to  the  great  constriction  of  the  vertical  range  at  that  time. 
Net  avoidance  is  the  obvious  explanation  for  the  virtual 
absence  of  this  species  from  daytime  samples;  its  effect  at 
night  cannot  be  evaluated. 

Hygophum  benoiti 

'This  is  a  medium-size  lanternfish  known  to  reach  a  size 
of  about  55  mm  (Nafpaktitis  el  al.,  1977);  maximum  size  in 
the  Ocean  Acre  collections  is  44  mm.  Hygophum  benoiti  is 
known  only  front  the  North  Atlantic  Ocean,  where  it  is  a 
temperate-semisubtropical  species  (Nafpaktitis  et  al.,  1977) 
and,  according  to  Backus  et  al.  (1977),  is  among  the  domi¬ 
nant  lanternfishes  only  off  the  west  coast  of  Africa  at  about 
10°  to25°N  (Mauritanian  Upwelling).  It  is  one  of  the  “verv 
abundant"  lanternfishes  found  in  the  study  area,  and  was 
among  the  nine  most  abundant  lanternfishes  at  each  of  the 
three  seasons,  ranking  first  in  late  summer  (Table  131). 
The  Ocean  Acre  collections  contain  2850  specimens;  2522 
were  taken  during  the  paired  seasonal  cruises,  1 8 1 4  of  these 
in  discrete-depth  samples,  1509  from  noncrepuscular  tows. 

Dkvki.opmkntai.  Stages. — Postlarvae  were  6-12  nun, 
juveniles  9-23  mm.  subadults  20-36  mm,  and  adults  24- 
44  mm.  Sex  determination  was  possible  in  almost  all  juve¬ 
niles  larger  than  16  mm,  but  in  very  few  smaller  than  15 
mm.  External  sexual  dimorphism  was  first  apparent  in  fish 
19-22  mm;  males  larger  than  about  19  nun  have  a  single 
large  supracaudal  luminous  gland,  and  females  larger  than 
about  22  nun  have  2-4  smaller  infracaudal  luminous  glands. 
Adult  females  contained  eggs  as  large  as  0.5  mm,  but  most 
eggs  were  0.2-0. 3  111111  in  diameter. 

There  appears  to  be  geographical  variation  in  both  the 
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maximum  si/e  and  si/e  at  maturity-  Adults  caught  in  die 
Mediterranean  Sea  were  mostly  33-44  mm  (Goodyear  et 
al.,  1972)  but  inav  grow  as  large  as  48  mm  (Taaning  1918); 
those  in  the  Ocean  Acre  collections  are  mostly  smaller  than 
40  mm.  although  a  few  are  44  mm;  and  most  gravid  females 
from  the  North  Atlantic  (no  specific  locality  given)  exam¬ 
ined  bv  Nafpalaitis  et  al.  (1977)  were  40-50  mm. 

Reproductive  Cycle  and  Seasonal  Abundance. — Hy- 
gnphum  benoili  is  an  annual  species  with  a  marked  peak  of 
spawning  in  spring.  Although  the  breeding  season  may 
extend  from  w  inter  to  summer,  most  spawning  apparently 
occurs  in  April-May,  when  the  bulk  of  the  population  is 
approaching  one  year  of  age.  Abundance  was  greatest  in 
late  summer,  intermediate  in  w  inter,  and  least  in  late  spring 
(Table  HO).  The  great  abundance  in  late  summer  was  due 
to  juvenile  recruits,  which  accounted  for  almost  the  entire 
catch,  with  post  larvae  accounting  for  the  remainder.  In 
winter  subadults  and  adults  were  predominant,  together 
comprising  more  than  90  percent  of  the  catch.  The  meager 
catch  in  late  spring  was  almost  exclusively  juveniles  and 
post  larvae.  These  abundance  relationships  also  were  evident 
in  the  si/e  composition  of  the  catch  in  each  season.  Most 
specimens  were  1  1-13  mm  in  late  summer,  23-30  mm  in 
winter,  and  smaller  than  15  mm  in  late  spring. 

Kleven  postlarvae  6-9  mm  were  caught  in  February  at 
40  m  during  the  morning  crepuscular  period,  indicating 
that  at  least  some  spawning  occurred  in  December  and 
January.  Spawning  at  that  time  most  likely  was  at  a  mini¬ 
mum,  as  only  one  juvenile  was  taken  between  February  art  d 
June.  Winter  adults,  which  were  all  taken  in  February  (none 
in  January),  presumably  represent  those  fishes  spawned 
earliest  during  the  previous  season,  subadults  those  from 
the  peak  in  April-May,  and  juveniles  those  from  the  end  of 
the  peak  in  June  or  July.  Winter  adults  probably  would 
ripen  and  spawn  within  two  months.  Most  subadults  are 
calc  ulated  to  be  about  8-9  months  old  and  would  spawn 
during  the  next  peak  in  April-May.  Juveniles  would  not 
reproduce  tint ii  June  or  July  and  perhaps,  in  small  numbers, 
even  into  August. 

Bv  late  spring  the  w  inter  population  had  mostly  spawned 
and  died.  The  scant  catch,  except  for  a  few  38  mm  fish. 


Tabi.k  1)1' — Seasonal  abundance  and  percent  of  total  abundance  (in  paren¬ 
theses)  lor  llygophum  benoiti  (AD  =  adult;  JUV  =  juvenile;  PL  =  postlarva; 
SAD  =  subadult;  TOT  =  total.  The  figure  for  abundance  is  the  sum  of  the 
c  ale  h  rales  lor  all  all-in  intervals,  with  interpolation  for  unsampled  intervals, 
at  the  diel  period  showing  (he  greatest  total  abundance). 


consisted  of  recruits  smaller  than  15  nun.  Abundance  was 
at  a  minimum  because  recruits  from  the  April-May  peak 
were  still  ;  o  small  to  be  adequately  sampled  by  the  nets 
About  40  percent  of  the  total  postlarvae  were  caught  in  late 
spring  (June),  and  an  additional  45  percent  in  July. 

The  catch  in  late  summer  was  made  up  of  recruits  (except 
for  a  few  taken  with  the  open  Fngel  trawl);  most  were 
recently  transformed  juveniles  10-13  mm.  Abundance, 
then  at  its  maximum,  increased  tenfold  from  the  late  spring 
level  (  Fable  66). 

Otoliths  were  examined  in  an  attempt  to  age  fish  larger 
than  2.5  mm.  Those  taken  from  winter  specimens  29-41 
mm  all  had  7  to  9  well-developed  rings.  These  rings  ob¬ 
viously  represent  a  sub-annual  growth  pattern.  Their  num¬ 
ber  suggests  that  they  may  represent  monthly  increments 
of  growth.  Daily,  fortnightly,  and  monthly  patterns  of  ring 
deposition  have  been  observed  in  temperate  fishes  (Pan- 
nella,  1971).  and  daily,  weekly,  fortnightly,  and  monthly 
rings  have  been  found  on  the  otoliths  of  tropical  fishes 
(Brothers  et  al.,  1976;  Struhsaker  and  l  chiyama,  1976). 

Sex  Ratios. — Males  were  much  more  numerous  than 
females  in  w  inter,  with  a  ratio  of  1.5: 1  (  fable  67).  Sex  ratios 
for  the  other  two  seasons  are  not  considered  reliable  esti¬ 
mates  of  the  actual  values,  because  only  two  specimens  taken 
in  late  spring  could  be  sexed.  and  little  more  than  1  5  percent 
of  those  examined  f  rom  late  summer  (most  smaller  than  20 
mm)  could  be  sexed. 

The  numeric  al  dominance  of  males  over  females  in  w  inter 
did  not  hold  lor  each  of  the  three  older  stages.  Adult  males 
were  nearly  23  times  more  numerous  than  adult  females, 
but  female  subadults  were  about  1.5  times  more  numerous 
than  males  of  that  stage.  Both  are  significant  differences 
from  equality.  These  differences  in  part  may  be  due  to 
difficulties  in  staging  males,  but  combining  the  two  stages 
still  resulted  in  a  significant  difference  from  equality,  males 
being  about  1.6  times  more  numerous  than  females,  juve¬ 
nile  males  were  more  numerous  than  juvenile  females  but 
not  significantly  so.  These  differences  do  not  appear  to  be 
a  result  of  sampling  bias.  Males  were  often  more  numerous 
than  females  in  discrete-depth  samples  made  at  night  in  the 
upper  50  m,  where  more  than  90  percent  of  the  catch  was 


Tabi.k  67. — Numbers  of  each  sex  For  each  stage  of  Hygophum  benoili  (AD 
—  adult;  E  =  female;  JUV'  —  juvenile;  M  —  male;  SAD  =  subadult;  TOT  = 
total  of  all  three  stages;  asterisk  =  significant  differences  indicated  by  Chi- 
square  test  (p  =  ,05)). 
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taken  (  Table  88).  Males  also  were  more  numerous  than 
females  in  most  dav  samples. 

The  numerical  dominance  of  juvenile  females  over  juve¬ 
nile  males  in  late  sutner  is  mostly  due  to  14-17  mm  speci¬ 
mens.  for  which  the  female  to  male  ratio  is  3.1:1,  a  signifi¬ 
cant  difference  from  equality.  It  is  possible  that  females  can 
be  recognized  at  a  smaller  size  than  males. 


Vertical  Distribution. — Daytime  depth  of  occurrence 
in  winter  was  451-850  m  with  maximum  abundance  ai 
501-550  m,  in  late  spring  551-1050  m  with  a  slight  con¬ 
centration  at  751-800  m,  and  in  late  summer  451-1  100  m 
with  a  maximum  at  701-850  nt.  Depth  range  at  night  in 
winter  was  18-350  m  with  maximum  abundance  at  18-50 
m;  in  late  spring  50-250  nt,  451-500  m,  and  701  —  1050  nt 


Table  68. — Vertical  distribution  by  50-m  intervals  of  Hygophum  benoiti  (AD  =  adult;  JUV  =  juvenile;  N  = 
number  of  specimens;  PL  =  postlarva;  SA  =  subadult;  SL  =  standard  length  in  mm;  TOT  =  total;  X  = 
mean;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  wiith  interpolated  catch). 
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19 
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1 

1 

ft 

601- 

650 

- 

- 

-  - 

- 

651- 

700  - 

- 

- 

- 

- 

-  ~ 

- 

64 

64 
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12.3 

11-14 

701- 
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6 

6 

ft 

1  22 

23 

45 

11.3 

10-13 

751- 

800 

1 

8 

9 

16 

11.1 

10-12 

25 

25 

76 

11-3 

10-18 

801- 

850 

2 

2 

3 

10.0 

10 

22 

22 

ft 

851- 

900 

- 

-  - 

- 

18 

18 

55 

11.7 

10-13 

901- 

950  - 

“ 

- 

- 

<1 

<1 

ft 

1  1 

1 1 

34 

11.3 

10-15 

951- 

1000 

l 

1 

2 

14.0 

14 

4 

4 

12 

10.4 

9-11 

1001- 

1050 

<1 

<1 

ft 

- 

- 

1051- 

1 100  - 

- 

“ 

- 

-  - 

- 

TOTALS 

1 

36 

30 

67 

628 

6 

14 

20 

29 

2  207 

209 

578 
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with  ,i  maximum  at  731-800  m:  and  in  late  summer  51- 
1 000  m  with  a  maximum  at  03  1  -700  m  (Table  08). 

Stage  stratification  was  evident  in  winter  and  Lite  spring, 
with  si/e  stratification  evident  at  all  three  seasons.  Bv  dav 
in  winter  juveniles  and  subadults  were  most  abundant  at 
301-330  m  and  adults  at  701-730  m.  Adults  were  not 
taken  at  as  shallow  a  level  its  juveniles  and  subadults,  and 
juveniles  were  not  caught  as  deep  as  the  older  two  stages. 
In  late  spring  onlv  post  larvae  were  taken  above  700  m  and 
onlv  juveniles  below  830  m. 

In  terms  ot  si/e.  in  winter  fish  30  mm  and  larger  were 
not  taken  at  either  depth  extreme;  those  19-23  mm  were 
taken  onlv  between  301  and  030  m:  and  fish  24-29  nun 
were  taken  over  the  entire  vertical  range.  The  smaller  mean 
si/e  of  the  catch  at  301-330  m  and  001-030  m,  than  at 
other  30  m  intctvals  (  Table  08),  reflects  growth  in  size  in 
the  population  from  mid-Januarv  to  late  Februarv  rather 
than  si/e  stratification  Fish  caught  in  January  had  an  aver¬ 
age  standard  length  (SL)  of  23.7  mm  and  those  in  Februarv 
(one  vear  later)  a  mean  of  27.7  mm;  the  difference  presum¬ 
able  represented  growth  during  a  period  of  roughly  1 .3 
months. 

The  few  specimens  t  aught  during  daytime  iti  late  spring 
appealed  to  be  stratified  by  size;  those  caught  above  730  m 
were  9-10  mm  and  those  caught  at  greater  depths  were  9- 
1  1  mm,  including  a  38  mm  adult.  Fish  taken  below  730  m 
(excluding  (he  38  mm  adult)  averaged  3.4  mm  larger  than 
the  ones  (9.0  mm)  from  shallower  depths.  In  late  summer 
during  the  dav  onlv  fish  smaller  than  13  mm  were  caught 
at  or  near  either  depth  extreme,  where  the  catches  were 
small.  At  intermediate  depths  the  si/e  range  was  I  1-22  min, 
and  the  mean  size  noticeably  larger  than  that  at  either 
shallower  or  greater  depths  (14.8  vs  11.2  and  10.3  mm, 
respectively). 

Stratification  was  not  evident  at  night  in  winter,  when 
about  93  percent  of  the  catch  was  from  18-30  m;  each 
stage  and  all  sizes  taken  were  most  abundant  at  that  depth. 
In  late  spring  only  post  larvae  were  caught  at  the  shallow 
extreme  and  onlv  juveniles  at  the  deep  extreme,  but  the 
(.itches  were  small  at  both  depths.  Size  stratification  was 
evident  at  night  in  late  spring,  with  the  catch  from  the 
upper  100  m  consisting  onlv  of  fish  6-9  mm.  and  that  at 
7,31  -1000  m  of  spec  imens  10-14  mm.  A  38  mm  adult  was 
taken  at  201-230  m.  In  Lite  summer  the  catch  above 
dav  time  depths  had  a  si/e  range  of  8-2  I  mm  and  an  average 
SI.  of  14.0  nun.  and  at  dav  depths  the  size  range  was  9-19 
mm.  and  the  mean  si/e  11.7  mm.  Onlv  7  of  the  337 
specimens  caught  at  diurnal  depths  exceeded  13  mm  in 
length.  Larger  fish  from  both  depth  strata  were  most  abun¬ 
dant  at  or  neat  the  upper  depth  limit,  and  the  mean  si/e  of 
the  c  ale  h  at  .31-1  00  m  and  4.3  I  -700  m  was  larger  than  that 
at  I  0  I  -400  m  and  701-1  000  m.  respectively  (  Fable  68). 

Post  larvae  probably  do  not  undergo  extensive  diel  verti- 
<al  migrations.  I  hev  were  stratified  according  to  si/e  at 


night  in  Lite  spring  and  late  summer.  4 'hose  caught  in  the 
upper  1.30  m  were  6-1  I  mm  and  averaged  7.9  mm;  those 
t  aught  deeper  than  300  m  were  9-10  mm.  At  intermediate 
depths,  postlatvae  were  8-12  mm.  Post  larvae  were  caught 
during  the  dav  onlv  at  3.3  1-800  in  in  late  spring.  I  hev  were 
all  9- 1 0  mm,  as  were  night  specimens  from  the  same  depths. 
I'lie  absence  of  postlarvae  in  dav  samples  from  the  upper 

l . 30  m  in  late  spring  and  at  all  depths  in  late  summer  almost 
certainly  is  due  to  the  lack  of  samples  at  appropriate  depths. 
In  winter  (Februarv-March)  the  few  postlat  vae  caught,  all 
6-9  mm,  were  taken  at  sunrise  at  40  m,  suggesting  that 
smaller  postlarvae  probably  are  found  in  superficial  waters 
both  dav  and  night  in  late  spring  and  late  summer.  Post- 
larvae  apparently  spend  the  early  stages  ol  their  life  in  the 
upper  1.30  m,  and  at  8-10  mm  they  descend  to  depths 
greater  than  300  m  where  they  transform  into  juveniles. 

Diel  migration  was  apparent  at  all  three  seasons;  in  late 
spring  atul  late  summer  most  of  the  population  was  nonmi- 
gratorv,  but  in  w  inter  all  except  postlat  vae  were  migrants. 
This  is  a  consequence  of  the  size  and  degree  of  development 
of  the  individual  fish.  Post  larvae  and  9-10  mm  juveniles 
tire  nonmigrants,  and  fish  larger  than  20  mm  are  regular 
diel  migrants.  At  intermediate  sizes,  juveniles  11-13  mm 
are  mostly  nonmigrators,  and  those  14-19  mm  are  mostly 
migrators.  Only  9  of  360  nonmigrants  were  larger  than  13 
mm.  Migratory  behavior  first  is  assumed  at  a  size  of  1  1  mm 
and  is  almost  universal  at  about  14  mm.  This  is  well  illus¬ 
trated  tit  night  in  late  summer,  when  slightly  more  than  80 
| tercet) t  of  the  catch  was  from  diurnal  depths.  About  83 
percent  of  the  11-13  mm  juveniles,  but  less  than  20  percent 
of  those  14-19  mm,  were  caught  at  these  depths. 

Little  can  be  said  concerning  the  chronology  of  diel 
vertical  migrations  at  any  season.  Few  H.  benoiti  were  caught 
in  the  upper  230  in  at  night  in  Lite  spring,  and  most  of 
these  were  post  larvae,  which  probably  do  not  migrate. 

Although  most  of  the  winter  population  migrated  verti¬ 
cally,  the  depth  of  maximum  abundance  (18-30  m)  was  not 
sampled  until  shortly  before  midnight,  so  arrival  times  at 
nocturnal  depths  must  be  estimated.  Specimens  were  taken 
at  day  depths  in  a  trawl  made  from  1 .7  to  0.5  hours  before 
sunset,  and  fish  were  caught  at  about  225  in  and  125  m  no 
Liter  than  0.7  hours  after  sunset.  Assuming  that  migrations 
were  started  at  about  1.7  hours  before  sunset,  roughly  2.5 
hours  were  spent  in  transit  between  day  depths  up  to  125 

m.  Allowing  an  additional  0.5  hour  to  reach  the  upper  50 
m,  a  total  upward  migration  of  roughly  3.0  hours  and  a 
migration  rate  of  about  165  m  per  hour  between  day  (50 1  — 
550  m)  and  night  (18-50  m)  depths  of  maximum  abundance 
are  obtained.  Flic  reverse  migrations  commence  no  earlier 
than  about  1.7  hours  before  sunrise,  and  daytime  depths 
are  reac  hed  bv  no  later  than  1.8  hours  after  sunrise,  result¬ 
ing  in  a  maximum  migration  time  of  approximately  3.5 
hours,  f  sing  this  estimate,  a  minimum  rate  of  downward 
migration  of  about  145  m/hour  is  obtained. 
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oiIkt  factors  were  involved.  1  lie  c  atch  at  each  30-m  interval 
between  hat)  10.30  m  sampled  both  (lav  and  night  was 
greater  at  night,  suggesting  that  the  davtime  depth  of 
maximum  abundance  was  not  sampled,  Tub, meed  davtime 
avoidance  probable  was  not  responsible  for  this  difference. 
At  630-10.30  m  the  catch  during  davtime  ranged  in  size 
from  10  to  22  nun  and  averaged  14.4  mm,  and  at  night  the 
size  range  was  9-18  mm  with  a  mean  size  of  1  1.8  mm. 

The  ratio  for  late  spring  is  based  upon  a  total  of  36 
specimens,  all  lint  4  of  which  were  caught  during  one  of 
the  two  cruises. 


Hygophum  hygomii 

T  his  model  atelv  large  mvetophid  grows  to  a  maximum 
size  of  (i  t  mm  in  the  studs  area  (68  mm  is  the  known 
maximum:  Hullcv,  1981),  ’>ul  few  specimens  caught  ex¬ 
ceeded  60  mm.  A  temperate-seiilisubtropical  lanternfish,  it 
is  most  abundant  in  the  North  Atlantic  temperate  region 
(Bac  kus  et  al.,  1977).  It  is  one  of  the  "abundant"  lantern- 
fishes  in  the  studs  area,  ranking  sixth  in  svinter,  16th  in  late 
spring,  and  20th  in  late  summer  (  Table  131).  The  Ocean 
Acre  collections  contain  3330  specimens,  more  than  10 
percent  of  the  total  number  of  lanternfish  taken,  but  3726 
of  these  were  taken  with  tlu-  Ktigel  trave  l  during  one  u  uise. 
Onlv  734  specimens  were  taken  during  the  paired  seasonal 
cruises;  321  of  these  in  discrete-depth  samples,  of  which 
473  were  c  aught  in  noncrcpuscular  tows. 

Developmental  Stages. — Postlarvae  were  6-14  mm. 
juveniles  13-38  mm,  subadults  27-63  t  mi,  and  adults  47- 
36  mill,  f  ewer  than  10  adults  were  taken.  Most  juveniles 
less  than  23  mm  could  not  be  sexed;  most  larger  ones  had 
small  but  recognizable  ovaries  or  testes.  About  89  percent 
of  the  winter  juveniles  and  39  percent  of  those  taken  in  late 
spring  could  not  tie  sexed.  Females  may  grow  faster  than 
males:  tlicv  attain  a  larger  size  and  can  be  recognized  at  a 
smaller  size  than  males  (23  vs  27  mm).  Of  78  specimens 

36- 64  nun  long  (almost  all  caught  with  the  F.ngel  trawl) 
onlv  one  36  mm  fish  was  a  male.  The  dimorphism  in  size 
was  most  prominent  in  late  summer:  stibadult  males  were 

37- 31  nun  and  averaged  43.0  mm,  and  xubaduli  females 
43-63  mm  with  a  mean  of  3  1 .3  nun.  Goodvcar  et  al.  ( 1 972) 
also  noted  a  sexual  dimorphism  in  growth  rate  and  size  for 
II.  hygomii  in  die  Mediterramiean  Sea,  with  females  growing 
faster  and  becoming  larger  than  males.  Their  material 
c  onsisted  mostlv  of  adults.  Presumably  adults  in  the  stuck 
area  also  would  show  this  dimorphism.  Males  have  a  supra- 
<  audai  luminous  gland  and  females  an  infracaudal  luminous 
gland 

Reproihci  iv  e  Cycle  and  Seasonal  A  bi  nuance. — Hy- 
gophum  hygomii  has  a  one-veat  life  cvcle,  with  onlv  a  few 
individuals  living  much  longer  than  one  vear.  Spawning 
apparent  l\  on  urs  in  fall  and  winter,  with  a  peak  in  intensitv 
in  late  lall-e.u  iv  wintci .  Abundance  was  greatest  in  winter. 


when  juvenile  rec  ruits  13-16  nun  predominated;  juveniles 
made  up  nearlv  86  percent  of  the  catch,  with  post  larvae 
accounting  for  me  st  of  the  remainder.  Abundance  fell 
great  Iv  between  winter  and  late  spring.  Bv  kite  summer 
abundanc  e  had  reac  hed  a  minimum,  about  1/18  of  that  in 
w  inter  (  Table  70). 

Four  females  with  eggs  larger  than  0.03  mill  in  diameter 
were  taken  from  October  to  January.  A  36  mill  female 
taken  in  November  contained  the  largest  eggs  (0.33  mm) 
and  had  greatly  enlarged  ovaries.  Poor  c  atches  in  November 
and  December  because  of  inclement  weather,  and  in  Octo¬ 
ber- November  because  of  the  smaller  2-m  I  KMT  used,  mav 
partially  account  for  the  paucity  of  adult  females  in  the 
collections.  Larger  fish  also  mav  avoid  the  3-ni  IKMT, 
judging  from  the  difference  between  the  catch  made  with 
the  F.ngel  trawl  (3726  specimens)  and  the  IKMT  (7  speci¬ 
mens)  in  August  -September.  Postlarvae  and  juveniles  at  or 
near  1 1  ansf ormation  size  are  most  abundant  in  winter. 

About  93  percent  of  all  postlarvae  were  caught  from 
Januarv  to  March.  The  seasonal  distributions  of  postlarv  ae. 
13-16  mm  juveniles,  and  the  few  females  with  relatively 
large  eggs  suggest  that  spawning  takes  place  in  fall  and 
winter  with  a  peak  intensity  in  fall.  The  very  low  abundance 
of  fish  greater  than  30  mm  in  winter  suggests  that  most 
individuals  die  shortly  after  the  spawning  season  at  about 
one-v  ear  of  age. 

In  late  summer  97  percent  of  the  poor  discrete-depth 
c  atc  h  consisted  of  subadults.  As  indicated  above,  the  great 
number  of  specimens  taken  with  the  F.ngel  trawl  at  the  same 
time  indicates  that  this  estimate  of  abundance  may  be  too 
low.  because  larger  individuals  avoid  the  IKMT. 

In  winter  juvenile  recruits  1.3-20  mm  were  predominant. 
Most  of  these  were  caught  in  February-March,  suggesting 
that  in  Januarv  most  of  the  population  was  represented  bv 
post  larvae.  The  few  adults  taken  were  males. 

Bv  late  spring  most  recruits  of  the  w  inter  population  had 
grown  considerably  and  were  large  juveniles  (greater  than 
20  mm)  and  subadults.  Smaller  juveniles  were  not  very 
abundant,  indicating  that  little  spawning  occurred  in  mid- 
to  late  winter.  The  tremendous  decrease  in  abundance  from 
winter  to  late  spring  (  Table  70)  is  difficult  to  explain.  Total 
abundance  in  late  spring  was  onlv  about  16  percent  of  that 

Tabi.k  70.  — Seasonal  abundance  and  percent  of  total  abundance  (in  paren¬ 
theses)  for  liygophum  hygomii  (Al)  =  adult;  Jl'V  =  juvenile;  PI.  =  postlarva; 
SAD  =  subadult;  TOT  =  total.  The  figure  for  abundance  is  the  sum  of  the 
catch  rates  for  a!!  ~<Mn  intervals,  with  interpolation  foi  insa tripled  intervals, 
at  the  diel  period  showing  the  greatest  total  abundance). 
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I  lit-  low  |)m|ionioii  ol  migrants  in  late  snmiiKT  made  it 
dif fit  till  to  estimate  migration  times.  A  series  of  three  one- 
hour  evening  t  repost  ular  samples  was  made  at  -170-320  in: 
(Ins  is  above  the  major  t  out intr.it ion  oi  II.  benoiti  during 
daytime  (  I  able  t»8).  I  lie  first  sample,  beginning  about  2  2 
hours  before  sunset,  fished  at  300-320  m  and  caught  hi 
specimens;  the  following  two.  both  at  170-300  til.  caught 
38  and  one  specimen,  respectively.  This  suggests  that  up¬ 
ward  migrations  cninmenrod  between  1.2  and  2.2  hours 
In-fore  sunset.  .Specimens  were  taken  .it  about  323-330  m 
no  more  than  l.ti  hours  before  sunset  and  at  about  230  m 
no  mole  than  1.2  hours  before  sunset,  suggesting  that  the 
earlier  estimate  of  starling  time  mav  lit-  the  more  accurate 
one. 

Sampling  was  inadequate  to  determine  arrival  times  at 
the  depth  of  maximum  concentration  of  migrants  (131  -200 
mi  . \ t  10  m  a  single  specimen  was  taken  no  later  than  0.8 
hours  after  sunset,  and  an  additional  3  specimens  no  more 
than  one  hour  later.  Assuming  that  upward  migrations 
t  oiiiment  e  2.3  hours  before  sunset  and  terminate  1 .3  hours 
after  sunset,  thev  take  about  4.0  hours  to  complete,  occul¬ 
ting  at  a  rate  of  about  130  m/hour  between  the  dav  depth 
ol  maximum  abundance  (731-800  m)  and  t fie  depth  of 
maximum  abundance  of  migrants  at  night  (131-200  m). 
Downward  migrations  apparentlv  start  no  more  than  about 
2.3  hours  before  sunrise,  as  specimens  taken  at  near  the 
following  depths  between  about  1.3  and  2.3  hours  before 
sunrise  would  indicate:  43  in.  03  m,  123  in,  and  27.3  m. 
Davtmie  depths  were  reached  bv  1.7  hours  after  sunrise, 
giving  a  downward  migration  time  of  about  4.0  hours, 
wliic  h  is  similar  to  the  time  for  evening  migrations. 

1’ \  1 1  hinkss.  —  Patc  hiness  was  indicated  bv  day  in  winter 
at  701  -730  m  and  80  1  -830  in.  and  in  late  summer  at  73  1  - 
800  m.  In  winter  adults  were  most  abundant  at  701-730 
in:  in  late  summer  juveniles,  the  only  stage  taught,  were  at 
731-800  m.  The  depth  of  maximum  abundance  in  winter, 
3(1 1  -330  m.  was  sampled  only  once,  and  nothing  can  be 
stated  concerning  patchiness  at  that  depth. 

Patchiness  was  more  extensive  at  night,  being  indicated 
at  18-30  m  in  w  inter,  and  at  31-100  til,  131-200  ill,  (331  — 
700  in.  7.31-800  ni.  and  831-1000  in  in  late  summer. 
These  include  the  depths  of  maximum  abundance  of  all 
stages  taken  in  w  inter  ( 1  8-30  in),  and  of  nonmigrant  (03 1  - 
700  up  and  migrant  (131-200  ill)  juveniles  in  late  summer. 
Nonmigrators  appeared  to  have  a  patchy  distribution  below 
000  m  at  night  in  late  summer,  a  marked  contrast  to  the 
daytime  situation  at  that  depth. 

Significant  (II)  values  obtained  for  dav  samples  at  731- 
800  m  m  late  spring  and  for  night  samples  at  31-1 00  m  in 
w mtei  and  301-330  in  in  late  summer  are  thought  to  be 
due  to  lac  toi  s  other  than  patchiness.  In  late  spring  the  four 
samples  made  at  731-800  m  were  equally  divided  between 
two  c  i  mses;  neither  set  had  a  significant  Cl).  Most  of  I  lie- 
spec  inic-ns  were  taken  during  one  of  the  two  cruises,  which 


suggests  year-to-year  variation  in  imputation  density  rather 
than  patchiness.  Winter  night  samples  made  at  31-100  in 
caught  from  0  to  8  specimens,  with  only  2  of  1  1  samples 
having  more  than  3  specimens.  These*  low  numbers  indicate 
that  patchiness  at  this  depth  occurs  only  on  a  small  scale. 
Three  of  the  four  samples  made  at  301-330  til  at  night  iti 
winter  were  taken  during  one  of  the  two  cruises  and  ac¬ 
counted  for  only  one  of  the-  23  specimens  caught  at  that 
depth,  suggesting  that  vear-to-vear  variation  in  population 
density  rather  than  patc  hy  distnbrlion  was  responsible  for 
tlu-  large  CD  value. 

Nii;hi:Day  Catc  h  Ratios.— Night-to-da\  catch  ratios 
for  discrete-depth  captures,  inc  luding  interpolated  values, 
were  0.9: 1  in  w  inter,  2.0: 1  in  late  spring,  and  3.8: 1  in  late 
summer  (Table  fill).  Kxcepl  for  adults,  each  stage  taken 
followed  the  overall  seasonal  trends. 

l  he  winter  ratio  is  somewhat  deceptive,  as  the  night  to 
day  catch  ratios  for  each  stage  were  more  deviant  from  1 :1 
than  the  ratio  for  total  specimens  (Table  09).  Juveniles  and 
subadults  were  more  abundant  in  dav  than  in  night  samples: 
adults  the  reverse. 

Except  for  adults  in  winter,  the  ratios  do  not  seem  to  be 
related  to  diel  c  hanges  in  vertical  range.  The  depth  range 
of  adults  at  night  in  w  inter  was  compressed  compared  to 
that  of  the  dav.  with  a  large  concentration  within  the  18- 
30  m  stratum.  In  all  cither  cases  abundance  was  greater  in 
samples  made  during  the  diel  period  in  which  the  depth 
range  was  more  extensive. 

Net  avoidance  does  not  seem  to  be  an  important  factor 
in  the  differences  between  day  and  night  catches.  Most  fish 
caught  in  late  spring  and  late  summer  were  smaller  than  20 
mm  and  are  not  likely  to  be  able  to  avoid  the  nets  to  any 
great  degree.  Larger  fish  formed  a  good  portion  of  tilt- 
catch  only  in  winter,  but  specimens  30  mm  and  larger, 
which  should  have  greater  ability  to  avoid  the  nets,  were 
about  equally  abundant  in  day  and  night  samples  in  winter. 
The  greatest  diel  difference  in  abundance  in  winter  was 
obtained  for  fish  23-24  mm. 

Diel  differences  in  clumping  may  have  contributed  to  the 
discrepancy  between  night  and  day  catches  in  late  summer. 
Clumping  was  indicated  to  be  much  more  extensive  at  night 
than  bv  clay  in  late  summer,  but  the  difference  between  day 
and  night  catches  was  so  large  that  it  is  almost  certain  that 

Table  69. — Seasonal  night  to  day  catch  ratios  of Uygophum  benoiti  (AI)  = 
adult;  JLV  =  juvenile;  PI.  =  postlarva;  SAD  =  suhadult;  TO  T  =  total  of 
all  stages;  *  =  no  catch  during  one*  or  both  diel  |>eriods). 


SEASON 

PL 

JUV 

SAD 

AO 

TOT 

WINTER 

* 

0.2:  1 
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loi  juveniles  in  winter.  li  in  possible  that  abundance  was 
under 'estimated  .it  this  se  ason  hot  atiso  some  individuals  had 
grown  large  enough  to  avoid  the  net. 

Six  Ratios. —  The  sexes  prnh.thlv  are  cquallv  abundant 
.it  all  seasons,  but  sample  si/es  are  too  small  to  be  reliable. 
Male-to  telltale  sex  ratios  were  0.4: 1  in  winter,  I  ,ti:  1  in  late 
spring,  and  1 .0: 1  in  late  summer,  with  onl\  the  winter  ratio 
st  at  tst  it  a  1 1  \  different  from  equalitv  (Table  71).  The  differ¬ 
ent  e  in  winter  was  due  almost  exelusivelv  to  juveniles,  for 
which  tlu-  lemale-to-male  ratio  was  .4.0:1.  However,  onh 
about  1  1  pern-nt  ol  tiie  juveniles  examined  from  winter 
(  ollet  lions  i  ould  tie  sexed.  Also,  as  indicated  above,  females 
m. iv  develop  faster  and.  therefore,  be  recognized  at  a 
smallei  si/e  than  males.  All  25-26  mm  juveniles  that  were 
sexed  were  fen:  des.  When  these  indiv  iduals  were  excluded, 
sex  ratios  for  large  juveniles  and  total  numbers  were  not 
signifiruntlv  different  from  equalitv . 

I  lie  difference  in  numbers  of  each  sex  also  is  statist icailv 
different  from  equalitv  lor  juveniles  in  late  spring.  How¬ 
ever.  at  that  season  juvenile  males  were  more  numerous 
than  juvenile  females,  with  a  female-to-male  ratio  of 0.2:1. 
Again,  this  difference  probable  can  be  explained  In  differ¬ 
ent  growth  rates  of  the  sexes.  Bv  late  spring  most  winter 
females  have  become  subadults  while  most  unties  remain  as 
juveniles.  These  differences  in  numbers  of  each  sex  for  both 
stages  cancel  each  other,  although  males  are  more  numer¬ 
ous  than  females.  Both  sexes  Intel  developed  into  subadults 
In  late  summer  and  wete  present  in  about  equal  number 
(  Table  7  1 ). 

Vkkuc.u.  Oiktkiki  t  ion. — Day  depth  range  in  winter 
was  the  upper  at)  m  and  501-1030  in  with  maximum 
abundance  at  531-000  til.  in  late  spring  51-100  m  and 
531-1000  m  with  a  maximum  at  051-700  m.  and  in  late 
summer  701-800  m  (Table  72).  Nighttime  depth  range  in 
winter  was  from  the  surface  to  10.30  in  with  maximum 
abundanc  e  at  51-150  m,  in  late  spring  the  upper  100  til 
with  a  slight  mill  entration  at  50  in,  and  in  late  summer  5 1  - 
1(10  m  and  151-200  ill  with  all  but  one  spec  imen  caught  at 
the  first  depth. 

Stage  stratification  was  evident  onlv  during  the  day  in 
winter  and  late  spring.  Si/e  stratification  was  evident  both 

I  \ bi \  7  ! .  —  Ntnnbrrs  of  <«k  h  sex  for  <■;»<  h  stage  of  Hygophum  hygomu  (AI) 
=  ■i<fnli.  I  =  female:  Jl  V  =  juvenile:  M  =  male:  SAI)  =  subadult:  TOT  = 
total  <>f  all  thirr  stages;  asterisk  =  significant  differences  indicated  bv  Chi- 
siju.ue  test  (p  =  .0.*!)). 
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20 
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21 
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dav  and  night  in  winter  and  bv  dav  in  late  spring  (  Table 
72).  During  the  dav  in  winter  only  post  larvae  were  taught 
at  the-  shallow  extreme  of  depth.  Adults  were  taken  onlv  at 
00  I  -700  in.  and  juveniles  and  post  larvae  were  c  aught  over 
time  h  ol  the  50  I  -850  hi  stratum.  Bv  dav  in  fate  spring  onlv 
|  lost  larvae  were  caught  at  either  extreme  of  depth  and  onlv 
juveniles  at  551-050  m  ('Table  72).  In  terms  of  si/e.  all 
specimens  taken  in  the  upper  100  m  during  the  dav  in 
winter  and  late  spring  were  7-1  I  mm.  During  the  dav  in 
winter  fish  less  than  15  mm  were  most  abundant  at  70 1  — 
750  m  and  801-850  m.  and  those  larger  than  14  mm  were 
taken  mostly  at  501-050  m.  This  stratification  was  ev  ident 
from  the  mean  of  the-  catc  hes  at  those  depths,  14.1  and 
13.7  mm  vs  17.8  mm.  respectively  (Table  72).  Badcock  and 
Merrett  (1970)  caught  transforming  H.  hygomii  at  500-000 
m  in  the  eastern  North  Atlantic,  and  the  above  data  indicate 
that  transformation  occurs  below  700  m  in  the  study  area. 
In  late  spring,  specimens  18-32  mm  were  caught  only  at 
551-700  m,  and  those  33-35  mm  only  at  651-800  rti. 

At  night  in  winter  fish  smaller  titan  10  mm  and  those 
larger  than  20  mm  were  taken  only  in  the  uppei  100  m, 
and  specimens  13-16  mm  were  taken  throughout  the  depth 
range  (Table  72). 

Postlarvae  were  stratified  according  to  size  in  winter: 
smaller  ones  (0-9  mm)  were  caught  only  in  the  upper  100 
m  both  day  and  night,  and  most  of  those  larger  than  9  mm 
were  caught  below  500  in.  As  is  the  case  for  other  spec  ies, 
initial  development  oc  curs  in  the  superficial  layer  and,  at  a 
si/e  of  about  9-10  mm,  post  larvae  descend  to  depths  in 
excess  of  about  500  m  where  they  continue  to  develop  and 
transform  into  juv  eniles. 

Diel  vertical  migrations  occurred  at  all  seasons,  but  only 
in  late  spring  and  late  summer  was  the  entire  night  catc  h 
taken  above  daytime  depths  (  Table  72).  In  winter  the  pop¬ 
ulation  included  nonmigrants,  partial  migrants,  and  com¬ 
plete  migrants.  Migrants  were  13-34  mm  (and  probably 
larger);  partial  migrants  and  nonmigrants  were  13-19  mm, 
but  mostly  13-10  mm.  Postlarvae  probably  do  not  migrate 
over  any  extensive  depth  range,  as  migratory  behavior 
apparently  is  adopted  on  a  regular  basis  at  a  size  of  about 
17  min.  Almost  all  individuals  larger  than  10  mm  were 
taken  in  the  upper  200  m  at  night.  The  smallest  juveniles 
(13  mm)  were  taken  only  at  101-150  m  and  751-800  m 
and  contained  the  largest  proportion  of  nonmigrants  (71 
percent).  Juveniles  14-10  mm  were  taken  at  all  depths;  less 
than  50  percent  of  these  were  partial  migrants  and  nonmi- 
grants.  Although  the'  late  spring  population  contained  ju¬ 
veniles  within  the  size  range  of  winter  partial  migrants  and 
nonmigrants,  all  night  captures  were  made  in  the  upper 
100  m. 

1  .in lo  could  he  determined  concerning  the  chronology  of 
diel  vertical  migrations  in  late  spring  and  late  summer  due 
to  sparse  catches  in  the  upper  1  00  m  until  well  after  sunset. 
In  winter  the  onset  ol  evening  migrations  was  diffic  ult  to 
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1  abi.k  7‘J. — Vertical  distribution  by  30-m  intervals  oi  Hygophum  hygumu  (Al)  =  adult;  JCV  =  juvenile;  N 
=  number  ol  specimens;  PI.  =  postlarvu;  SA  =  mi  bad  u  It;  SI.  —  standard  length  m  mm;  TO' T  =  total;  X  = 
mean;  blank  spate  in  rolutnn  =  no  catch  in  a  sampled  inter*  al;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 
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determine,  because  the  population  included  nonmigrants. 
I  he  upper  200  m  was  occupied  by  0.5  hour  after  sunset, 
the  upper  150  m  by  1.4  hours  after  sunset,  and  the  upper 
100  m  by  2.7  hours  after  sunset.  As  these  are  all  the  latest 
times  of  arrival,  actual  times  of  arrival  may  be  earlier, 
particularly  the  last,  which  is  based  upon  the  first  sample 
made  within  the  upper  100  m  after  sunset. 


Patchiness. — Patchiness  during  davtime  was  evident 
only  in  winter  at  701-750  m  and  801-850  nt.  No  samples 
were  taken  at  651-700  m,  751-800  m, and  851-1000  m, 
and  patchiness  may  have  been  more  extensive  than  indi¬ 
cated.  More  than  95  percent  of  the  catch  from  the  depths 
at  which  clumping  was  indicated  was  made  up  of  18-14 
nun  juveniles.  By  day  in  winter  larger  juveniles  (15-25  mm)  . 
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yvere  most  abundant  at  55  1  -(>()()  m,  where  no  patchiness 
was  indicated. 

Patchiness  was  more  prevalent  at  night.  Significant 
(lumping  was  noted  in  winter  at  18-100  in  and  in  late 
summer  at  a  I- 100  in.  In  winter  juveniles  were  most  abun¬ 
dant  at  18-100  m  (postlarvae  were  not  included  iti  the 
analysis),  and  in  late  summer  the  catch  at  51-100  in  was 
almost  exclusively'  subadults. 

Significant  (  .1)  values  were  obtained  for  nocturnal  surface 
.samples  in  winter  and  late  spring.  However,  these  probably 
relied  a  low  population  density  rather  than  patchiness. 
More  than  45  nocturnal  surface  samples  yvere  taken  in  both 
seasons,  only  three  in  winter  and  two  in  late  spring  were 
positive;  one  of  the  positive  samples  contained  two  speci¬ 
mens,  the  rest  only  a  single  specimen. 

\ic;hi:1)ay  Catch  Ratios. — \ight-to-day  catch  ratios, 
including  interpolated  values,  were  0.0: 1  in  winter,  0.3: 1  in 
iaie  sin  ini',  and  -.9.1  in  late  sunuuct  ( I  abie  7a/.  I  lie  i alios 


in  I  KMT  both  day  and  night.  That  large  fish  were  present 
in  some  abundance  at  that  season  is  indicated  by  the  catch 
of  //.  h\gomii  made  with  the  F.ngel  trawl.  As  Ixxh  the  day 
and  night  catches  with  the  IKMT  were  small  (less  than  4.0 
spet  imens/houi ).  it  is  assumed  that  //.  hygomit  was  not 
adequately  sampled  either  by  day  or  by  night. 

Hygophum  reinhardtii 

This  medium-si/e  mvctophid  grows  to  45  mm  in  the  study 
area,  to  01  mm  elsewhere  (Hullev,  1981).  A  questionably 
bipolar  subtropical  species  (Backus  et  al.,  1977),  it  is  most 
abundant  in  the  eastern  subtropics  of  the  Atlantic  Ocean 
(Nafpaktitis  el  al.,  1  977).  It  is  uncommon  in  the  study  area, 
never  Ijeing  among  the  twenty  most  abundant  lanternfish. 
The  Ocean  Acre  collections  contain  1 00  specimens;  05  were 
caught  during  the  paired  seasonal  cruises,  51  of  these  in 
discrete-depth  samples,  of  w  hich  37  w  ere  in  ttoncrepuscular 


for  the  developmental  stages  followed  the  overall  seasonal 
trends.  Juveniles  were  responsible  for  most  of  the  diel 
differences  in  the  catches  in  winter  and  late  spring,  and 
subadults  in  late  summer. 

In  w  inter  most  of  the  difference  between  day  attd  night 
catches  was  due  to  13-14  mm  juveniles  for  which  the  night- 
to-day  catch  ratio  was  0.3:1.  The  13  mm  juveniles  were 
about  10  times  more  abundant  in  day  samples  than  in  night 
samples.  The  nighttime  vertical  range  of  these  juveniles  was 


tows  (Table  23). 

Dkvki.opmf.ntai.  Stacks, — The  single  postlarva  was  12 
mm.  juveniles  were  12-24  mm,  subadults  24-45  nun,  and 
adult  males  32-45  mm.  Most  juveniles  12-15  mm  could 
not  be  sexed,  but  all  those  greater  than  18  mm  could  be. 
Subadult  females  had  infracaudal  luminous  tissue,  and 
subadult  and  adult  males  supracaudal  luminous  tissue. 
There  was  no  apparent  sexual  dimorphism  in  si/e.  Some 
subadult  females  larger  than  40  mm  had  slightly  enlarged 


much  greater  than  the  daytime  range,  and  patchiness  was 
more  prevalent  at  night,  both  of  which  may  have  contrib¬ 
uted  to  the  difference  between  the  day  and  night  catches. 
Net  avoidance  probably  is  not  an  important  factor,  because 
the  catch  was  mostly  smaller  than  20  mm  both  day  and 
night. 

In  late  spring  the  pool  night  catches  may  be  a  result  of 
inadequate  discrete-depth  sampling  in  the  upper  150  m, 
and  particularly  the  upper  50  in  (Figure  2).  The  night  depth 
range  was  c  ompressed  compared  to  the  daytime  range,  yet 
the  dav  catch  was  greater  than  the  night  catch  (Table  72). 
Increased  net  avoidance  may  account  partly  for  the  differ¬ 
ence  in  catches,  for  all  specimens  greater  than  40  mm  were 
taught  in  dav  samples. 

In  late  summer  the  population  was  mostly  45  mm  and 
larger.  Apparently  ,  //.  hygomu  of  this  si/e  can  avoid  the  3- 

Tabi.f.  7!L — Sensorial  night  to  clay  catch  ratios  of  Hygophum  hygomii  (AD  = 
acluit,  |l  V  ~  juvenile;  PL  —  postlarva;  SAI)  =  subadult;  TOT  =  total  of 
.ill  stages;  *  =  no  catch  during  one  or  both  diel  periods). 


SEASON 

PL 

JUV 

SAD 

AD 

TOT 

WINTER 

0.8:  1 

0.6: 1 

A 

A 

0.6:  I 

LATE 

SPRING 

A 

0.U:  1 

0.2:1 

A 

0.3:1 

LATE 

SUMMER 

ft 

it 

2.8:1 

A 

2.9:1 

ovaries  with  occasional  ova  up  to  0.3  mm  in  diameter,  but 
no  females  had  many  eggs  of  this  size. 

Reproductive  Cycle  and  Seasonal  Abundance. — Hy¬ 
gophum  reinhardtii  may  or  may  not  be  a  breeding  resident 
of  the  study  area.  The  parent  population  apparently  spawns 
over  most  of  the  year,  with  a  peak  in  fall.  Judging  from  the 
maximum  size  attained  in  the  study  area,  the  life  span  is 
about  one  year.  Abundance,  although  never  great,  is  at  a 
maximum  in  winter,  intermediate  in  late  spring,  and  least 
in  late  summer  (Table  74). 

Because  13-15  mm  juveniles  mostly  yvere  captured  in 
oblique  and  crepuscular  discrete-depth  tows,  they  were  not 
included  in  the  reckoning  of  abundance.  These  small  fish 
were  taken  over  most  of  the  year,  appearing  in  greatest 
number  in  late  summer,  when  they  accounted  for  half  of 
all  //.  reinhardtii  taken.  The  maximum  ofjuveniles  in  winter 
(Table  74)  is  due  mostly  to  fish  20-24  mm.  Collections 
made  in  June  contain  no  juveniles  of  any  size,  which  is 
puzzling.  Fish  15  mm  or  smaller  were  taken  in  April  and 
July  when  most  of  the  small  catch  (5  of  6  specimens)  was 
1  3- 1  5  mm. 

Fish  30  mm  and  larger  were  taken  in  low  numbers  and 
were  not  abundant  at  any  season.  They  were  about  equally 
numerous  in  winter  and  late  spring  collections  (4  and  5 
specimens,  respectively),  and  only  one  was  taken  in  late 
summer.  The  small  number  of  large  fish  taken  in  late 
summer  apparently  was  an  accurate  reflection  of  the  popu- 
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Tabu  7-1. — Seasonal  abundance  and  percent  of  total  abundance  (in  [>aren- 
tbeses)  tor  Hsgophum  remhardtn  (Al)  =  adult;  Jl  V  =  juvenile;  PI.  = 
^iost larva;  SAD  =  >ubadult.  TOT  =  total.  The  figure  for  abundance  is  the 
sum  of  the  catch  rates  for  all  30-m  intervals,  with  interpolation  for  unsam¬ 
pled  intervals,  at  the  diel  period  showing  the  greatest  total  abundance). 


SEASON 

PL 

JUV 

SAD 

AD 

TOT 

W.NTER 

0 

2.6 (65.O) 

1.3(32.5) 

0. 1 <  2.5) 

4.0 

LATE 

SPRING 

0 

0 

1.5(83.3) 

0.3(16.7) 

1.8 

LATE 

SUMMER 

0.3(25.0) 

0.5  (61 .7) 

0.2(16.7) 

0.206.7) 

1.2 

Tabu  75.  —  Numlxrs  of  each  sex  for  each  stage  of  Hygophum  rnnhardtu 
(AD  -  adult.  K  =  female.  )l  A  =  juvenile;  M  =  male;  SAD  =  subadult; 
TOT  =  total  of  all  three  stages;  asterisk.  =  significant  differences  indicated 
In  Chi-stjuare  test  (p  =  .05)). 


JUV  SAD  AO  TOT 


SEASON 

m  f  nr  nr  nr 


WINTER  9  17  I  6  I  0  11  23* 

SPRING  0  0  0  4  10  14 

SUMMER  2  4  11  10  4  5 


Table  76. — Vertical  distribution  by  50-m  intervals  of  Hygophum  remhardtn  (AD  =  adult;  JLV  =  juvenile; 
N  =  number  of  specimens;  PL  =  postlarva;  SA  =  subadult;  SL  =  standard  length  in  mm;  TOT  =  total;  X 
=  mean;  blank  space  in  column  ~  no  catch  in  *  sampled  interval;  dash  —  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 


WINTER 

LATE  SPRING 

LATE  SUMMER 

DEPTH 

(M) 

CATCH  RATE 

SL 

CATCH  RATE 

SL 

CATCH  RATE 

SL 

PL  JUV  SA  AD  TOT  N 

X  RANGE 

PL  JUV  SA  AD  TOT  N 

X  RANGE 

PL  JUV  SA  AD  TOT  N 

X  RANGE 

DAY 

601- 

650 

651- 

700 

<1 

<1 

<1 

A 

<1 

<1 

* 

701- 

750 

<1 

<1 

<1 

2 

24.0 

21-27 

- 

-  - 

- 

- 

<1 

<1 

1 

13-0 

13 

751- 

800 

1 

<1 

1 

* 

801- 

850 

1 

<1 

1 

4 

26.0 

22-36 

- 

~  - 

- 

- 

851- 

900  - 

- 

- 

- 

- 

- 

- 

- 

- 

901- 

950  - 

- 

- 

- 

- 

-  - 

- 

- 

951- 

1000  - 

- 

- 

- 

- 

* 

- 

- 

1001- 

1050 

1 

1 

* 

1051- 

1 100  - 

“ 

1 

1 

1  35-0 

35 

- 

- 

- 

- 

TOTALS 

2 

<1 

2 

6 

2 

2 

1 

<1 

<1 

1 

NIGHT 

SURFACE 

1 

<1 

<1 

1 

13 

25-2 

15-40 

<1 

<1 

1  40.0 

40 

1- 

50 

<1 

<1 

1 

26.0 

26 

51- 

100 

<1 

<1 

3 

20.7 

18-23 

<1 

<1 

1 

16.0 

16 

101- 

150 

1 

1 

3 

23-8 

23-24 

151- 

200 

<1 

<1 

l 

26.0 

26 

<1 

<1 

<1 

2 

33-5 

24-43 

201- 

250 

<) 

<1 

1  42.0 

42 

<1 

<1 

1 

27.0 

27 

551* 

600 

<1 

<1 

1 

22.0 

22 

- 

- 

- 

- 

- 

851- 

900 

- 

- 

“ 

<1 

<1 

1 

12.0 

12 

TOTALS 

2 

<1 

<1 

2 

22 

<1 

<) 

<1 

2 

<1 

<1 

<1 

<1 

<1 

5 

hit  ion  structure,  for  even  the  larger  Engel  trawl  captured 
only  19  specimens  larger  than  30  tntn.  Several  subadult 
females  larger  than  40  mm  in  the  Engel  collections  were 
the  most  sexually  developed  fish  taken.  The  seasonality  of 
both  small  (13-1 5  mm)  and  large  fish  (greater  than  30  mm) 
suggests  a  spawning  peak  in  spring,  and  that  spawning 
occurs  most  of  the  year  with  only  a  short  interruption  in 
late  winter  or  early  spring.  Ellis  protracted  breeding  season 


is  similar  to  that  for  H.  reinhardtii  found  near  Hawaii 
(Clarke,  1973).  Clarke  also  noted  that  the  species  matures 
at  a  size  of  approximately  33  mm.  However,  none  of  the 
females  that  size  or  larger  in  the  Ocean  Acre  collections 
were  ripe  and  only  a  few  showed  sexual  development.  This 
lack  of  adult  and  ripe  females  casts  some  doubt  on  the 
reproductive  status  of  the  species  near  Bermuda.  However, 
the  presence  of  13-15  nun  juveniles  and  the  12  mm 


posllai  va  suggest  that  spawning  occurs  nearby  if  not  in  the 
area. 

Abundance  was  greatest  in  winter,  when  juveniles  front 
the  spawning  peak  were  best  sampled,  and  decreased  until 
the  late  summer  low  was  reached  (  f  able  71).  Abundance 
probably  was  greatest  in  t be  fall  soon  after  the  spawning 
peak. 

Sex  Ratios. — Females  were  more  numerous  in  the  col¬ 
lections  than  males  at  all  seasons,  with  ratios  of  2.1:1  in 
w  inter,  4.0:1  in  late  spring  and  1.2:1  in  late  summer  (  Table 
7a).  Sample  si/es  in  late  spring  and  late  summer  were  too 
small  (less  than  10  specimens)  to  be  statistically  meaningful. 
The  difference  in  winter  was  significant;  it  was  due  mostly 
to  juveniles,  but  subadults  also  contributed.  The  difference 
for  juveniles  was  not  significant  and  the  number  of  subadults 
was  too  small  to  be  meaningful. 

Vt.R  nc'.Al.  Dis  i  ribttion.  —  By  day  eight  fish  were  taken 
in  discrete-depth  tows:  six  in  winter  and  one  each  in  the 
other  two  seasons.  Seven  were  taken  at  701-850  m,  and 


the  remaining  one  at  1051-1100  in  (Fable  7(i).  Night 
catches  accounted  for  20  fish;  22  in  winter,  2  in  late  spring, 
and  5  in  late  summer.  In  winter  fish  were  taken  from  0- 
200  m  and  at  551 -<>00  m  with  slight  concentrations  at  the 
sulfate  and  101-150  m,  in  late  spring  at  the  surface  and 
201-250  in.  and  in  late  summer  at  90  m,  151-250  in,  and 
851-000  in. 

Apparently  most  fish  undergo  diel  migrations,  as  only 
one  fish  was  taken  near  diurnal  depths  In  night.  Migrants 
included  fish  15-45  mm. 

Hygophum  taaningi 

This  species  has  a  subtropical  distribution  in  the  North 
Atlantic  Ocean  (Nafpaktitis  et  al.,  1977).  It  is  moderate  in 
si/e,  grow  ing  to  44  mm  in  the  study  area,  01  mm  elsewhere 
(tlullcv.  1981).  Hygophum  taaningi  is  uncommon  near  Ber¬ 
muda,  and  the  Ocean  Acre  collections  attest  to  this.  Only 
72  specimens  were  taken  during  the  progiat’'.  81  were 


Tabii  77. — Vertical  distribution  by  50-nt  intervals  of  Hygophum  taaningi  (AD  =  adult;  JUV  =  juvenile;  N 
—  number  of  spec  linens;  PI.  =  postlarva:  SA  —  subadult;  Si.  =  standard  length  in  mm;  TOT  —  total;  X  = 
mean;  blank  spate  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 
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SL 
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<1 

it 
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27 
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- 

- 
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<1 
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- 

- 

- 

* 

- 

TOTALS 
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<1 
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<1 

< ! 

<1 

<1 

6 

21.8 
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<1 

<1 
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caught  during  the  paired  seasonal  cruises.  35  of  these  in 
discrete-depth  samples,  of  which  25  were  caught  in  noncre- 
puscular  tows  (Table  23). 

Developmental  Stages.  -Juveniles  were  10-25  nun, 
subadulis  25-35  nun,  and  adults  3-1 — 14  nun.  Fish  smaller 
than  Hi  mm  could  not  be  sexed.  Luminous  tissue  was  found 
on  the  caudal  peduncle  of  fish  23  mm  and  larger,  in  males 
it  was  found  on  the  dorsal  aspect,  and  in  females  on  the 
ventral  aspec  t  (Better.  1905). 

Reproductive  Cycle  and  Seasonal  Abundance. —  Lit¬ 
tle  can  he  determined  concerning  the  reproductive  status 
or  life  span  of  //.  taamngi  from  the  sparse  material  at  hand. 
This  species  was  never  vet  v  abundant  (  Table  77).  Presum¬ 
able.  little  reproduc  tion  takes  place  in  the  study  area.  Small 
fish  (10-1  5  nun)  were  caught  from  July  through  September 
and  in  |anuarv,  suggesting  that  they  mav  be  present  from 
Julv  through  January.  However,  the  catch  from  October 
through  December  consisted  of  one  40-tnm  specimen,  and 
recruitment  mav  not  have  occurred  throughout  the  above 
time  span.  Based  upon  the  abundance  of  11-13  mm  juve¬ 
niles.  recruitment  was  greatest  in  late  summer.  The  only 
female  adult  (out  of  a  total  of  eight  adults)  was  caught  in 
late  summer,  which  agrees  with  the  suspected  peak  in  re¬ 
cruitment. 

The  life  span  cannot  be  determined  with  any  degree  of 
accuracy,  because  size  classes  cannot  be  traced  from  one 
season  to  the  next. 

Abundance  was  least  in  late  spring,  when  the  parent 
population  presumably  was  approaching  the  spawning  sea¬ 
son.  At  this  season  the  catch  was  about  equally  divided 
between  larger  juveniles  (those  over  20  nun)  and  subadults. 
'The  maximum  abundance  in  late  summer  mostly  was  due 
to  juveniles  1  1-13  mm,  with  the  remainder  about  equally 
divided  among  subadults  and  adults.  In  winter,  abundance 
was  intermediate,  and  most  of  the  catch  was  17  mm  or 
larger. 

Vertical  Distribution. — Day  depths  largely  are  un¬ 
known.  The  only  two  specimens  caught  during  daytime  in 
discrete-depth  samples  were  taken  in  late  spring  at  951- 
1000  m.  Night  depths  of  occurrence  were  20-70  m  and 
801-850  m  in  winter,  951-1000  m  and  1201-1250  m  in 
late  spring,  and  51-200  in  and  651-700  m  in  late  summer 
(  Table  77). 

Apparently  the  smallest  juveniles  (10-1  I  mm)  either  do 
not  migrate  vertically  or  migrate  over  a  restricted  depth 
range.  Both  spec  imens  of  this  size  were  taken  below  651  ill 
at  night.  In  late  spring  at  least  some  larger  individuals  were 
nonmigrants,  as  the  only  two  specimens  caught  at  night  at 
that  season  were  taken  at  presumed  daytime  depths. 

Lampadena  anomala 

This  rare,  large  species  (to  180  mm;  Hulley,  1981)  is 
found  in  .ill  oceans  (Nafpaktitis  and  Paxton,  1968;  Nafpak- 
titis  and  Nafpaktitis,  1969;  Clarke,  1973).  In  the  Atlantic 


L.  anomala  is  thought  to  fie  a  deep-living  species  found  in 
tropical  and  subtropical  waters  (Bac  kus  el  al.,  1977).  The 
eight  specimens  in  the  Ocean  Acre  collections,  three  juve¬ 
niles  22—26  mm  and  live  post  larvae  8-16  mm,  were  caught 
from  March  to  September.  The  largest  juvenile  was  a  fe¬ 
male;  the*  others  could  not  lx*  sexed.  The  largest  specimen 
was  taken  at  451-500  ill  at  night  in  late  spring.  In  late 
summer  one  post  larva  w  as  c  aught  at  80 1  -850  in  during  I  he 
ela\  and  another  at  the  surface  at  night. 

Lampadena  ehavesi 

This  moderately  large  lanternfish  grows  to  75  mm  in  the 
study  area,  almost  its  maximum  known  size  of  80  mm 
(Hullev,  1981).  Lampadena  ehavesi  is  a  bipolar,  questionably 
subtropical,  species  (Backus  et  ah,  1977).  It  is  uncommon 
in  the  study  area,  not  being  among  the  20  most  abundant 
lanternfish  at  anv  season.  The  collections  contain  1  78  spec¬ 
imens;  52  were  caught  during  the  paired  seasonal  cruises, 
31  of  these  in  discrete-depth  samples,  of  which  27  were 
caught  in  noncrepuscular  tows  (Table  23). 

Developmental  Stages. — Postlarvae  were  6-17  mm, 
juveniles  17-37  nun,  subadults  37-75  mm,  and  adult  males 
63-66  mm.  No  adult  females  were  taken. 

Reproductive  Cycle  and  Seasonal  Abundance. — Dis¬ 
crete-depth  samples  provide  little  information  concerning 
the  life  history  of  L.  ehavesi.  This  may  be  due,  in  part,  to 
net  avoidance  by  larger  specimens.  For  example,  in  late 
summer  all  specimens  caught  by  the  IKMT  were  19-37 
mm,  and  those  caught  by  the  Fa l gel  traw  l  were  20-75  mm, 
w  ith  more  then  20  percent  larger  than  37  mm.  Additionally, 
specimens  taken  with  the  IKMT  have  a  unimodal  size 
frequency  distribution,  and  those  taken  with  the  Engel  traw  l 
show  a  bimodal  distribution,  with  one  group  20-43  mm, 
which  presumbly  represents  the  young  of  the  year,  and 
another  group  63-75  mm,  which  were  perhaps  a  year  or 
more  older  than  the  smaller  group.  These  data  show  that 
population  estimates  based  on  IKMT  catches  are  low  in  late 
summer  and,  probably,  at  all  seasons. 

Abundance  was  greatest  in  late  spring,  when  1 8-27  mm 
juveniles  comprised  most  of  the  population.  In  late  summer 
abundance  was  much  reduced,  and  in  winter  it  was  at  a 
minimum  (Table  78). 

The  presence  of  postlarvae  in  small  numbers  in  winter 
and  in  late  spring  suggest  a  limited  spawning  season,  perhaps 
in  fall.  Juveniles  18-27  mm  were  relatively  abundant  only- 
in  late  spring.  Four  specimens,  all  from  the  winter  cruises, 
were  caught  from  October  to  April  (6  negative  cruises). 
1'liese  observations  and  the  absence  of  adult  females  in  the 
collections  suggest  that  L.  ehavesi  either  does  not  breed  in 
the  study  area,  or  that  conditions  for  normal  breeding  and 
survival  are  marginal  there. 

Vertical  Distribution.— Day  depth  range  for  winter 
and  late  spring  combined  is  601-850  m.  Vertical  range  at 
night  for  all  three  seasons  combined  is  50- 1  50  til  and  75 1  - 


Tabi  f  78.— Wrticiil  distribution  b\  30-m  intervals  ol  Lampadena  c  have  si  (Al)  —  adult;  Jl'V  =  juvenile;  N 
=  number  of  specimens;  PL  =  post  larva;  SA  =  subadult;  SI.  —  standard  length  in  nun;  TOT  “  total;  X  = 
mean;  blank,  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interfHilated  catch,  asterisk  in  X  column  =  unsampled  interval  with  interpolated  catch). 
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751- 

800 

<1 

<1 

1  17.0 

17 

TOTALS 

<1 

<1 

<1 

2 

<1 

3 

<1  3 

10 

1 

1 

i* 

800  in  (Table  78).  The  deepest  night  capture  is  a  17  linn 
juvenile,  suggesting  that  recently  transformed  individuals 
do  not  migrate  on  a  regular  basis. 

Lampadena  luminosa 

This  questionably  tropical-semisubtropical  species 
(Backus  et  al.,  1977)  is  rare  in  the  study  area.  It  is  repre¬ 
sented  in  the  Ocean  Acre  collections  by  only  eight  juveniles, 
20-64  mm.  taken  from  August  through  September.  The 
four  largest  (49-64  mm)  were  females,  and  the  remainder 
could  not  be  sexed.  Lampadena  luminosa  grows  to  about 
180  mm  and  attains  sexual  maturity  at  si/es  larger  than  150 
mm  (Nafpaktitis  et  al.,  1977).  No  fish  were  taken  in  discrete- 
depth  samples.  Nondiscrete  catch  data  show  that  the  species 
is  found  as  shallow  as  90-100  m  by  night,  which  is  similar 
to  the  upper  nocturnal  depth  limit  for  the  species  near 
Hawaii  (Clarke,  1973). 

Lampadena  speculigera 

This  bipolar  temperate  species  (Backus  et  al.,  1977)  is 
known  to  occur  in  the  subtropical  Atlantic  only  near  Ber¬ 
muda  (Nafpaktitis  et  al.,  1977).  It  is  a  large  myctophid, 
growing  to  146  mm  (Hulley,  1981),  but  attains  a  si/e  of 


only  30  mm  in  the  study  area.  Lampadena  speculigera  is  a 
common  lanternfish  in  the  study  area.  The  Ocean  Acre 
collections  contain  281  specimens;  237  were  caught  during 
the  paired  seasonal  cruises,  200  of  these  in  discrete-depth 
samples.  85  of  which  were  in  noncrepuscular  tows.  (Table 
23).  Postlarvae  account  for  193  specimens. 

I  he  species  obviously  is  not  a  permanent  resident  of  the 
study  area,  passing  only  a  small  fraction  of  its  life  cycle 
there.  It  either  cannot  survive  long  under  the  prevailing 
conditions  or  is  a  transient. 

Only  post  larvae  6-18  mm  and  juveniles  17-30  mm  were 
caught;  none  showed  any  sexual  development.  Lampadena 
speculigera  was  taken  in  decreasing  abundance  from  Feb¬ 
ruary  to  September  (Table  79),  after  which  it  disappeared. 
The  specimens  caught  probably  are  distributional  waifs 
expatriated  from  the  species’  center  of  abundance  north  of 
the  Sargasso  Sea. 

Day  depth  range  for  all  seasons  combined  is  701-850  m, 
possibly  slightly  shallower  and  deeper  (Table  79).  One 
specimen,  a  probable  contaminant  from  a  previous  tow  ,  was 
taken  at  1251-1300  m  in  winter. 

Nighttime  depths  in  winter  ranged  from  the  surface  to 
800  m,  and  in  late  spring  from  50  m  to  850  m.  No  specimens 
were  caught  at  night  in  late  summer.  Postlarvae  appear  to 
be  stratified  by  size.  At  about  sunset  103  postlarvae  6-16 
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I  \Bt  l  79.  —  Veilii.il  itisliibmion  bv  M)-m  inlet  \  .1  Is  of  Lampadrna  sprruhgrra  (Al)  =  adnlr.  Jl '  V  =  juvenile; 
\  =  mintlier  of  s|h-(  mints;  1*1.  =  [tosll.n v.t;  SA  =  siiImiIuIi:  SI.  =  m.iihI.iiU  length  in  nun;  l  ()  l  =  ioi.il;  \ 
--  mean;  blank  spate  in  inluinn  =  no  < an  li  in  a  sampled  interval;  clash  =  unsampled  interval  without 
mlci [minted  catch;  asterisk  in  \  column  —  unsamplc'd  interval  with  iilIer|Milated  catc  h). 


WINTER 

LATE  SPRING 

LATE  SUMMER 

DEPTH 

CATCH  RATE 

bL 

CATCH  RATE 

SL 

CATCH  RATE 

SL 

(M) 

PL 

JUV  SA  AD 

TOT 

N 

X 

RANGE 

PL  JUV  SA  AD 

TOT 

N 

X 

RANGE 

PL  JUV  SA  AO  TOT  N 

X  RANGE 

DAY 

65 1  - 

700 

2 

2 

A 

-  .  . 

701- 

750 

<1 

4 

4 

10 

18. 7 

16-20 

1 

1 

)’t 

751- 

800 

2 

2 

A 

2 

2 

9 

20.  1 

19-21 

8o  l  - 

850 

4 

4 

12 

16.7 

15-18 

1 

1 

A 

1  1  3 

27-0  27 

851- 

900 

- 

-  -  - 

- 

1  1  * 

1251- 

1300 

1 

1 

1 

18.0 

18 

-  -  - 

- 

TOTALS 

It 

9 

13 

23 

4 

4 

9 

2  2  3 

NIGHT 

SURFACE 

2 

2 

1  1 

11.7 

8-14 

51- 

100 

t 

1 

2 

1  1 

13.8 

8-19 

1 

1 

3 

21-3 

20-23 

101- 

150 

<1 

2 

2 

1  1 

18.4 

13-20 

<1 

<1 

I 

21.0 

21 

151- 

200 

1 

1 

2 

20.5 

20-21 

201- 

250 

<1 

<1 

2 

15.5 

14-17 

251- 

300 

- 

-  -  - 

- 

1 

1 

2 

21.0 

21 

30 1  - 

350 

<1 

<1 

A 

35 1  - 

COO 

<1 

<1 

1 

9.0 

9 

-  -  - 

- 

55 1  - 

600 

<1 

<1 

1 

6.0 

6 

-  -  - 

- 

701  - 

750 

<1 

<1 

1 

18.0 

18 

.  .  - 

- 

751  - 

800 

1 

1 

2 

16. 5 

16-17 

801- 

850 

1  1 

2 

2 

17.0 

17 

TOTALS 

3 

4 

7 

40 

1  4 

5 

10 

mm.  hut  mostly  ID- 1  3  mm,  were  taken  at  the  surface.  Most 
of  the  lh— IK  mm  post  larvae  were  taken  at  depths  greater 
than  700  m  lx »t h  (lav  and  night. 

Lampadena  urophaos 

This  lanternfish  is  known  to  attain  237  mm  (Krefft, 
1070).  I  lie  maximum  si/e  in  the  Ocean  Aire  collections  is 
Ifi.’:  mm.  with  most  specimens  smaller  than  30  mm.  l.am- 
padena  urophaos  is  a  subtropical  species  in  the  Atlantic 
(Hat  kits  et  al..  1077),  where  it  is  confined  to  the  Northern 
I  lemisphere  (Nafpuktil is  et  al..  1077).  According  to  Nafpak- 
tilis  et  al.  (1077),  the  largest  collections  were  from  the 
northern  Sargasso  Sea.  Catch  data  from  this  study  indicate 
that  /.  urophaos  is  tmtommon  near  Bermuda.  This  specie." 
is  represented  in  the  Ocean  Acre  collections  bv  212  speci¬ 
mens;  03  were  taught  during  the  paired  seasional  cruises, 
fd  of  these  in  disc  rete-depth  samples,  of  which  33  were  in 
none  teptisi  ttlar  tows  (Table  23). 

Drvn.opvtKNi  ai  Siac.es. —  Post  larvae  were  3-13  nun. 


juveniles  17-/8  mm,  and  the  lone  subadult,  a  male,  163 
mm.  Only  three  juveniles,  61-78  mm,  could  be  sexed,  all 
were  females. 

Reproductive  Cycle  and  Seasonal  Abundance. — 
The  reproductive  status  of  this  species  in  the  study  area  is 
uncertain.  The  lack  of  ripe  females  (or  any  adults)  suggests 
that  spawning  may  not  occur  hi  the  study  area,  but  the 
presence  of  post  larvae  and  17-18  mm  juveniles  suggests 
that  spawning  probably  occurs  nearby,  if  not  in,  the  study 
area.  The  horizontal  distribution  of  L.  urophaos  (Nafpaktilis 
et  al..  1977:177)  also  suggests  that  spawning  occurs  in  the 
northern  Sargasso  Sea.  The  size  of  the  largest  specimen 
caught  during  the  program  (163  111111)  indicates  that  the  life 
span  is  al  least  two  years  and  probably  longer. 

Abundance  was  always  low  (Table  80).  It  was  about  the 
same  in  winter  and  late  spring  and  at  a  bare  minimum  in 
late  summer. 

The  parent  population  apparently  had  a  prolonged 
breeding  season,  probably  with  a  peak  in  late  spring  or 
summer.  Post  larvae  were  taken  Iron)  June  to  October,  with 
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1  \M  1  SO — Yeiuc.il  (livitifmutm  l>\  •  O  in  inierv.il.,  ol  l.ampadena  urnphatn  (AO  =  adult;  |l  V  =  juvenile; 
S  =  diiiiiIm'i  u(  \|h-i  miens:  PI.  --  )k>mI.iiv.i:  SA  =  witiudull:  SI.  =  M.iiiduid  len^ili  in  min.  [Ol  =  total;  \ 
=  iih-jii;  lil.mk  s[iat c  in  culiiitin  =  no  catch  in  a  sampled  iniriv.il.  dash  ==  unsampled  interval  without 
lillri  [Hilalrd  v  .lie  li.  asterisk  in  N  minimi  =  uilvililjiled  interval  with  inlet  (Milated  ralrll). 


WINTER 


LATE  SPRING 


LATE  SUMMER 


DEPTH 

CATCH  RATE 

SL 

CATCH  RATE 

SL 

CATCH  RATE 

SL 

(M) 

PL 

JUV  SA  AD 

TOT 

N 

X 

RANGE 

PL  JUV  SA  AD 

TOT 

N 

X 

RANGE 

PL  JUV  SA  AD 

TOT 

N 

X 

RANGE 

DAY 

601-  650 

1 

1 

A 

21.7 

17-28 

651-  700 

1 

1 

A 

<1 

<  1 

A 

2k. 0 

2k 

701-  750 

<1 

<1 

1 

29.0 

29 

-  “  - 

<1 

<1 

1 

751-  800 

<1 

<1 

A 

801-  850 
951-1000  - 

-  -  - 

- 

1 

1 

U 

Ik. 5 

14-15 

-  -  - 

- 

TOTALS 

2 

2 

5 

1 

1 

NIGHT 

<1 

<1 

1 

51-  100 

<1 

<1 

2 

37.0 

37 

1 

1 

8 

25- k 

19-31 

101-  150 

151-  200 

1 

1 

8 

22. 1 

19-26 

<t 

<1 

l 

29.0 

29 

<1 

<1 

1 

57-0 

57 

201-  250 
251-  300 
301-  350 

<1 

1 

<1 

1 

A 

1 

2k. 0 

2k 

<  1 

<1 

1 

6k .  0 

6k 

551-  600 

<1 

<1 

1 

17-0 

17 

“ 

TOTALS 

2 

2 

12 

1 

1 

9 

<1 

<1 

2 

most  (.tit, ({lit  from  July  to  September.  Small  (17-20  tom) 
juveniles  were  taken  at  all  seasons.  In  winter  most  of  the 
rate  It  w;is  smaller  than  23  mm.  and  in  late  spring  most  was 
larger  than  2.3  mm.  In  late  summer  too  few  fish  were  taken 
in  discrete-depth  samples  to  provide  any  indication  of  the 
si/e  frequency  disn  motion  of  the  population.  Specimens 
taught  in  late  summer  with  the  Engel  trawl  range  from  32 
min  to  Ml)  mm. 

I  he  absence  of  mature  females  mav  be  due  to  the  rela¬ 
te. ch  laigc  si/eat  Humility.  Except  for  the  largest,  <d!  Ocean 
Acre  specimens  are  smaller  titan  a  ripe  female  (98  mm) 
reported  from  collec  tions  taken  near  Hawaii  (Clarke.  1973). 
l  isli  of  this  si/e  can,  without  doubt,  easily  avoid  the  3-m 
Isac  cs-Kidd  midwater  trawl. 

Vertical  Distribution. — Daytime  depth  range  for  all 
three  seasons  combined  is  601-1000  m.  Only  post  larvae 
were  taken  below  730  m.  At  night  L.  urophaos  was  taken 
between  100  and  2.30  ill  at  each  of  the  three  seasons.  In 
winter  it  also  was  found  at  301-330  in  and  331-600  m 
(  Table  M0).  I  he  (lav  depth  range  is  similar  to  that  for  the 
species  near  Hawaii,  and  nighttime  depths  are  somewhat 
more  extensive  than  in  the  Hawaiian  population  (Clarke, 
1973). 


Lampanyctus  alatus 

This  is  a  moderately  large  species,  growing  to  61  mm 
(llulley.  1 981 );  maximum  size  in  the  Ocean  Acre  collections 
is  31  mm.  Lampanyctus  alatus  tentatively  is  classified  its  a 
tropical  species  and  is  listed  as  one  of  the  ranking  mycto- 
pliicls  in  the  North  Atlantic  subtropical  region  (Backus  et 
ill.,  1977),  but  the  Ocean  Acre  collections  do  not  confirm 
this.  The  species  is  uncommon  in  the  study  area,  and  is 
represented  in  these  collections  by  only  80  specimens;  29 
were  caught  during  the  paired  seasonal  cruises,  1  3  of  which 
were  taken  in  discrete-depth  samples,  of  which  10  were  in 
none  repuscular  tows  (  Table  23). 

Developmental  Stages.  —  Juveniles  were  21-37  mm. 
subadults  33-31  mm,  and  adults  43-51  mm  SE.  There  was 
no  obvious  external  sexual  dimorphism  in  fish  of  any  size. 
All  but  two  adults  were  males.  One  of  the  females  contained 
ova  up  to  0.3  mm  in  diameter  and  appeared  to  be  ripe  or 
nearly  so.  None  of  the  large  (over  40  mm)  suhadult  females 
appeared  to  be  spent. 

Reproductive  Cycle  and  Seasonal  Abundance. — 
The  reproductive  status  of  this  species  in  the  Ocean  Acre 
area  is  uncertain.  Although  a  large  ripe  or  nearly  ripe 
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1  •  :  81. — Wrtual  <liMnbiition  50-tn  intervals  of  l.ampanyftus  alatus  (AI)  =  adult;  |l  V  =  juvenile;  N 

-=  .uiinlKT  of  miens,  PI.  =  nostlarva;  SA  =  suhaduli;  SI.  =  standaid  length  in  mm;  TO  I  =  total.  \  = 
mean;  blank  spate  in  column  =  no  tatth  in  a  vimpletl  interval;  dash  =  unsampled  intertal  without 
inlet }M>lated  tali h;  asterisk  in  \  tolumn  =  unsampled  interval  with  mterjMilated  tatth). 


WINTER  LATE  SPRING  LATE  SUMMER 


DEPTH 

(M) 

CATCH  RATE 

SL 

CATCH  RATE 

SL 

CATCH  RATE 

SL 

PL  JUV  SA  AH  TOT 

N 

X  RANGE 

PL  JUV  SA  AD  TOT 

N 

X  RANGE 

PL  JUV  SA  AD  TOT 

N 

X  RANGE 

DAY 

601-  650 

651-  700 

<1 

<1 

<1 

A 

- 

-  .  - 

- 

701-  750 

<  1 

<1 

<1 

2 

39-0 

OO 

l 

O 

<1 

<1 

A 

751-  800 

<1 

<1 

<1 

A 

<i 

<1 

l  37.0  37 

801-  850 

<1 

<1 

1 

34.0 

31* 

" 

-  -  - 

- 

TOTALS 

<1 

<1 

<1 

3 

<1 

<1 

1 

NIGHT 


E> 


□ 


E*. 


1 


j-' 


y. 

VJ 


51-  loo 
ioi-  150 
151-  200 
201-  250 
251-  300 
301-  350 
351-  400 

totals 


I 

<1 


I  4  47.2  46-49 


I  t  50.0  50 
<1  * 


1  1 


<1  <1  151.051 


<1  <1  I 


female  was  taken,  juveniles  smaller  than  18  mm  were  not. 
I ii<li\ iduals  smallei  than  30  mm  SI.  account  for  less  than  1 0 
percent  ol  tin1  total  iminher  taken  in  the  Ocean  Acre  area. 
I  his  si  un  its  of  small  juveniles  in  the  collections  may  indi¬ 
cate  that  recruits  into  the  population  were  mostly  larger 
fish  that  were  spawned  elsewhere.  In  any  case,  /..  alalus  was 
never  verv  abundant  in  the  study  area  (  Table  HI),  and  any 
spawning  must  he  at  a  low  level. 

l  isli  larger  than  10  mm  were  taken  most  of  the  year,  and 
small  fish  (less  than  3(1  mm)  were  taken  in  very  low  numbers 
in  Apiil  and  from  |til\  through  October.  These  data  imply 
a  relatively  long  breeding  season  for  the  parent  population. 

\  1- r  t tc :.vi  Distribution. — I)av  depths  in  winter  (based 
on  3  specimens)  are  701 -Half  m  and  in  late  summer  (I 
specimen)  7.31-800  m.  Nocturnal  depths  in  late  spring  (3 
specimens)  are  31-100  m  and  231-300  m.  and  in  late 
summer  ( I  spec  imen)  20  I  -230  m  (  Table  H  1 ). 

Lampanyctus  ater 

I  Ins  is  a  large  mvetophid  attaining  a  length  of  HO  mm 
I  Vilpaktilis  et  al..  1077);  maximum  standard  length  in  the 
Ocean  Acre  collections  is  110  mm.  In  the  Atlantic  it  is  a 
bi|M»lar  spec  ies  with  a  cjiiestionablv  subtropical  distribution 


(Bac  kus  et  al.,  1077).  Although  L.  ater  does  not  occui  in 
the  southern  Sargasso  Sea,  it  is  common  near  Bermuda, 
where  it  is  among  the  eleven  most  abundant  lanternfish  in 
winter  and  late  spring.  The  Ocean  Acre  collections  contain 
4  1  I  spec  imens;  2 1  1  were  caught  during  the  paired  seasonal 
cruises,  1.31  of  these  in  discrete-depth  samples,  of  which 
143  were  caught  in  noticrepusc ular  tows  (Table  23). 

Developmental  Stages. —  Post  larvae  were  9-22  mm. 
juveniles  1 0-04  min,  subadults  33- 1 00  mm,  and  adults  82- 
104  mm.  Most  juveniles  smaller  than  30  mm  could  not  be 
sexed,  and  most  larger  ones  had  recognizable  ovaries  or 
testes.  All  adults  were  male.  The  most  sexually  developed 
female  had  ovaries  of  moderate  size  w  ith  a  few  eggs  as  large 
as  0.2.3  mm  in  diameter.  There  appears  to  be  a  sexual 
dimorphism  in  size,  with  males  developing  faster  and  fe¬ 
males  growing  to  a  larger  size.  Nearly  all  of  the  juveniles 
smaller  than  30  mm  that  could  be  sexed  were  males.  Juve¬ 
nile  females  averaged  nearly  3  mm  larger  than  juvenile 
males  (42.0  vs  38.0  111m).  This  difference  probably  is  due 
mostly  to  males  being  recognized  at  a  smaller  size  than 
females.  Suhaduli  females  were,  on  the  average,  nearly  1  I 
mm  larget  than  subadult  and  adult  males  (79.6  vs  68.9  mm). 
A  further  indication  of  sexual  dimorphism  in  size  is  that  12 
of  the  13  specimens  100  mm  and  larger  were  females. 
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I  abu  H-  — Seasonal  abundant e  and  |k*rt  ent  ol  total  abundance  (in  pjren-  l  ABI  \  H$. —  Numliers  ol  cat  h  sex  for  rath  stage  of  l.ampanyctu *  atrr  (AD 
theses)  foj  l<imp(iT}\tH  *  <j/er(AD  =  ailuli;  Jl  V  =  juvenile:  PI  =  |m>s(  larva;  =  atlull;  I-  =  female;  j l  \  =  juvenile;  M  =  male;  SAD  —  subadull.  I(>l  = 

SAD  =  su  ha<  lu  It .  lOI  =  total.  file  figure  for  abundant  r  is  the  sum  of  the  lot  a  I  of  all  three  stages;  .islet  isk  =  sigmlit  .tut  tlif  ferent  es  m<  jit  a  ted  f)\  (  lii- 

t  alt  li  rates  tor  all  i>0-m  intervals,  vsilh  intci}K>lation  for  unsampled  intervals.  squat  e  lest  (p  —  .05)). 

.tl  the  diel  |kt it k!  showing  the  greatest  total  abundant  e). 


JUV  SAD  AO  TOT 


SEASON 

PL 

JUV 

SAD 

AD 

TOT 

SEASON 

M 

F 

M 

F 

M 

F 

M 

F 

WINTER 

o.6(  2.8) 

17. 8(81..  0) 

2.8(13.2) 

0 

21  .2 

l  ATE 

SPRING 

0 

9.4  (49.5) 

8.6(45.3) 

1.0(  5-3) 

19.0 

WINTER 

32 

154 

3 

8 

1 

0 

36 

23 

LATE 

SPRING 

32 

19 

JO 

3 

1 

0 

43 

22* 

SUMMER 

0 

5.4(77. 1) 

1.6(22.9) 

0 

7.0 

SUMMER 

10 

1 1 

2 

3 

0 

0 

12 

\U 

I'abi  y  S  I.  —  Vertical  distribution  bv  50-ni  intervals  ot  Lampanyctus  aler  (AD  =  adult;  Jl  V  =  juvenile;  N  = 
nuinlKT  ot  specimens;  PI.  =  postlarva;  SA  =  sut)adult;  Si.  =  standard  lengtfi  in  mm;  TOT  =  total;  X  = 
mean;  blank  spate  in  column  ~  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch:  asterisk  in  N  column  =  unsampled  interval  with  interpolated  cate  h ). 
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SMITHSONIAN  CONTRIBUTIONS  TO  Z.OOI.CX.V 


Rkproihc  liVK  C.ycit  \nd  Aiu  ndancf, — I.ampanyctus 
ater  has  a  lilt1  span  ot  at  least  two  Years  and  probably  does 
not  spawn  until  two  years  of  age.  Re<  ruilment  offish  smaller 
than  AO  mm  occurred  mostly  in  winter  but  extended  into 
late  spring,  indieating  that  spawning  oreurred  primarily  in 
fall. 

Abundance  was  greatest  in  winter,  when  the  catch  con¬ 
sisted  ol  at  least  three  si/e  groups:  fish  12-Ab  mm  repre¬ 
senting  the  most  recent  recruit  class  and  accounting  for 
about  b.3  percent  of  the  catch,  fish  42-02  mm,  presumably 
about  one  year  old,  and  lish  70  mm  and  larger  that  were 
probably  two  years  old.  All  but  two  individuals  12-  20  mm 
were  taken  in  January,  an  additional  indication  that  most 
spawning  oc  curred  in  fall. 

By  late  spring  most  recruitment  rvas  past  and  few  fish 
y\ ere  smaller  than  AO  mm.  Winter  recruits  had  grown  to 
about  AD-30  mm.  The  tyvo  older  groups  were  not  well 
represented  in  the  samples  and  may  be  bA-7A  mm  and  8b 
mm.  respectively  Abundanc  e  at  this  season  was  only  slightly 
lower  than  in  winter  (  Table  82).  which  is  puzzling  in  view 
ol  the  lack  of  recruitment. 

In  late  summer  only  the  most  recent  recruit  class  was 
adequately  sampled  by  the  discrete-depth  gear.  Those  fish 
had  gror\  n  to  about  A8-38  mm.  1  fotvever.  specimens  caught 
by  the  Kngel  trarvl  fell  into  three  size  groups:  A7-38  mm. 
bf-83  mm.  and  87  mm  and  larger.  Presumably  these 
groups  represented  those  in  the  winter  collections  at  a  more 
advanced  age.  Abundanc  e  teas  about  AA  percent  of  that  a! 
the  other  two  seasons  (  Table  82). 

Stx  Ratios.  —  Males  may  be  more  numerous  than  le¬ 
nt.  'cs  in  winter  and  late  spring.  Male-to-female  ratios  were 
1.0:1  in  winter.  2.0:1  in  late  spring,  and  0.9:1  in  late 
summer:  only  the  difference  in  late  spring  was  significantly 
different  from  equality  ('Table  8A).  In  both  winter  and  late 
spring  the  differences  were  due  mostly  to  juveniles,  and 
could  he  influenced  by  the  size  dimorphism  described 
above.  There  was  no  consistent  pattern  of  numerical  dom¬ 
inance  by  either  sex  for  the  older  stages. 

VhRi  to.vi.  Distribution.— Day  depth  range  in  winter 
y\as  701-830  m,  possibly  extending  to  1330  m,  with  maxi¬ 
mum  abundant  e  at  701  -730  m;  in  late  spring  73 1  - 1  200  m 
wit  It  a  maximum  at  I  03  1  -  II  00  in  (a  single  specimen  caught 
at  A0I-A30  m  probably  was  a  contaminant);  and  in  late 
summer  731-1.330  in  with  slight  concentrations  at  731  — 
830  m  and  1431-1.300  m.  Most  of  the  suspected  clay  depth 
range  ol  /..  ater  y\as  not  sampled  in  winter  (  Table  84)  and 
little  can  be  said  cone fining  the  vertical  distribution  at  that 
season. 

At  night  in  winter  and  late  spring  two  distinct  depth 
zones  were  occ  upied:  a  shallow  one  at  31-230  m  at  both 
seasons  and  a  deeper  one  at  73 1  -  900  til  in  winter  and  73 1  - 
8.30  m  in  late  spring  (a  few  spec  imens  were  taken  at  33 1  — 
000  m  in  winter).  The  depth  of  maximum  abundance  in 
winter  was  801-000  m.  and  in  late  spring  31-100  in.  At 
night  in  late  summer  /..  ater  was  absent  from  the  upper  bOO 


in  and  was  taken  at  b.3  I  -  I  000  in  with  maximum  abundance 
at  83  I  -900  m  (  Table  84). 

Stage  and  size  stratification  were  evident  both  day  and 
night  at  eac  h  season.  By  day  in  winter  and  late  summer 
juveniles  had  a  shallower  upper  depth  limit  than  subadults, 
and  in  late  spring  subadults  had  a  deeper  lower  depth  limit 
than  juveniles,  in  winter  and  late  spring  juveniles  were-  most 
abundant  at  a  shallower  depth  than  subadults  were.  There 
was  an  increase  in  size  with  depth  at  each  season.  Size 
stratification  was  best  developed  in  late  spring,  when  the 
minimum,  maximum,  and  mean  sizes  all  increased  with 
depth.  In  winter  and  late  summer  the  mean  size  of  lisli 
caught  at  the  shallowest  30-m  interval  occupied  was  notice¬ 
ably  smaller  than  at  greater  depths,  and  in  late  spring  the 
mean  SI.  of  the  catch  at  1 0.3  1  - 1 200  m  was  about  twice  that 
at  731-900  m  (  Table  84).  At  all  three  seasons  most  fish  22- 
30  mm  were  caught  at  701-800  in,  and  all  fish  90  mm  and 
larger  were  below  1000  in. 

At  night  in  winter  and  late  spring  only  juveniles  migrated 
into  the  upper  200  in.  Nonmigrants  included  both  juveniles 
and  subadults.  Migrants  were  19-40  mm  and  nonmigrants 
1 8-82  mm.  Fish  larger  than  82  mm  were  not  taken  at  night. 

There  was  a  slight  indication  that  postlarvae  were  strati¬ 
fied  by  size.  The  few  9-12  mm  specimens  were  caught  at 
night  near  100  m.  and  those  13-18  mm  were  caught  below 
830  m  both  day  and  night. 

Die  venical  migrations  occurred  only  in  winter  and  late 
spring,  l  ittle-  can  be  learned  about  the  chronology  of  ver¬ 
tical  migrations  from  the  sample  data,  other  than  that  some 
migrators  arrived  in  the  upper  layer  between  two  and  three 
hours  after  sunset  and  some  remained  there  until  two  or 
three  hours  before  sunset. 

Patch  inkss. — Patchiness  was  not  indicated.  The  only 
significant  CD  value  was  for  31-100  in  at  night  in  late 
spring.  I  bis  resulted  from  testing  three  positive  samples 
from  100  m,  showing  little  variation,  with  negative  samples 
from  34 -3b  m  and  92-94  in.  This  probably  indicates  a 
stratified  abundance  within  this  depth  rather  than  horizon¬ 
tal  patchiness. 

Nk;ht:Day  Catch  Ratios. — Night-to-day  catch  ratios, 
inc  luding  interpolated  values,  were  0.0:1  in  winter  and  late 
spring,  and  1.0:1  in  late  summer  (  Table  83).  Most  of  the 


Tabi.k  85. — Seasonal  night  to  dav  catth  ratios  of  Lampanyctus  ater  (AI)  = 
adult;  jrV  =  juvenile;  PI.  =  jmstlarva;  SAD  =  subadult;  TOT  =  total  of 
all  stages;  *  =  no  catch  during  one  or  both  diel  periods). 
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difference  Ivetween  dav  and  night  calc  lies  in  winter  was  due 
to  juveniles,  and  most  ol  the  difference  in  hilt-  spring  to 
suhadults.  In  winter  juveniles  were  eoneent rated  below  700 
m  both  da\  and  night,  hut  also  were  found  at  51-250  m  at 
night.  I  he  greater  night  vertical  range  mav  account  for 
part  of  the  difference  between  winter  cfav  and  night  catches. 
In  late  spring  most  of  the  difference  in  dav  and  night  catches 
was  due  to  suhadults. 

Lampanyctus  crocodilus 

This  large  mvctophid  grows  to  200-500  mm  (Taaning. 
1018);  the  largest  Ocean  Acre  specimen  is  50  mm.  Lampan- 
xctus  crocodilus  is  a  temperate-semisubtropical  species 
I Bac  kus  ei  a)..  1077).  Although  categorized  as  "common" 
in  the  studv  area,  it  was  found  in  moderate  abundance  only 
in  lair-  spring,  when  it  was  the  eleventh  most  abundant 
mvctophid:  at  other  seasons  it  was  uncommon  (Table  151). 
The  Ocean  Acre  collections  contain  550  specimens:  142 
were  c  aught  during  the  paired  seasonal  cruises.  97  of  these 
in  discrete-depth  samples,  of  which  7(i  were  caught  in 
none  repusc  tilar  tow  s. 

Devk.i  cit'MtN  i  \t  Stacks.  —  Postlarvae  were  6-22  mm 
and  juveniles  19-56  mm.  l  ew  specimens  exceeded  40  mm 
in  length. 

Rk.PRODI  CT1VK  ClVCI. K.  AND  Sk.ASONAI.  ABUNDANCE.  —  It 
cannot  be  determined  if  the  entire  life  cycle  is  passed  in  the 
study  area.  The  parent  population  probably  spawns  from 
w  inter  to  summer,  w  ith  the  greatest  intensity  in  winter  and 
late  spring.  Although  the  life  span  cannot  be  determined, 
the  catch  data  show  that  the  spec  ies  lives  for  more  than  one 
year  and  that  sexual  maturity  was  not  attained  by  that  age. 

April  collections  were  solely  of  post  larvae,  which  may 
reflect  a  spawning  peak  in  the  parent  population.  By  late 
spring  some  postlarvae  had  transformed,  and  most  of  the 
cate  h  was  1  9  —  24  mm.  at  or  near  the  size  at  transformation. 
A  few  specimens  were  25-55  mm,  and  two  were  about  50 
mm:  none  were  56-49  mm.  In  late  summer  the  I  KMT 
c  atc  h  was  exclusively  25-57  mm  juveniles,  presumably  5-6 
months  old.  At  that  season  the  I  ngel  trawl  caught  a  similar 
size  group  and  two  fish  about  50  nun,  but  none  of  inter¬ 
mediate  size.  In  winter  most  specimens  were  54-45  mm 
and  about  one  year  old.  Apparently,  the  larger  specimens 
(50  mm)  taken  in  late  spring  and  in  late  summer  were 
spaw lied  early. 

Seasonal  abundance  reflects  the  above  sequence  of 
events.  Abundance  was  greatest  in  late  spring  when  recruits 
19-21  mm  predominated,  and  decreased  as  the  year  pro¬ 
gressed  as  a  result  of  the  end  of  spawning  and  of  continuing 
mortalitv  in  the  ret  mil  class  (Table  86). 

I  lie  absence  of  large  f  h  in  the  collections  is  puzzling, 
lev eu  the  I  ngel  trawl  failed  to  catch  fish  larger  than  56  mm, 
despite  fishing  to  1000  m.  Fish  more  than  100  mm  in  length 
apparently  remain  below  1000  m  (Goodyear  cl  ah,  1972), 
and  mav  sta\  as  deep  as  2500-5000  m  (Kreflt,  personal 


communication).  It  is  possible  t hat  near  Bermuda  fish  larger 
than  50  mm  live  below  the  depths  sampled  during  the 
Ocean  Ac  re  program.  Specimens  about  100  mm  long  were 
observed  from  a  deep  submersible  near  oi  on  the  bottom 
in  the  slope  water  off  New  F.ngland  (j.K.  Craddock,  personal 
communication).  If  large  fish  live  near  the  bottom  in  the 
Bermuda  area,  they  would  not  appear  in  the  collections 
because  no  samples  were  made  near  the  bottom.  Alterna¬ 
tively,  large  fish  may  not  occur  in  the  area,  remaining  in 
their  more  temperate  habitat,  w  hile  smaller  specimens  enter 
the  area,  but  never  reach  spawning  size. 

Vertical  Distribution. — Depth  by  day  in  winter  is 
801-850  m  (1  spec  imen),  in  late  spring  751-1000  m  with 
maximum  abundance  at  751-800  m,  and  in  late  summer 
801-950  m.  Nocturnal  depth  in  winter  is  751-900  m,  in 
late  spring  about  50-500  m  and  551-850  m,  and  in  late 
summer  201-950  (  Fable  86).  As  indicated  earlier.  L.  cro¬ 
codilus  m ay  inhabit  greater  depths  than  these. 

There  is  no  evidence  for  stratification  by  stage.  In  late 
spring  juveniles  and  postlarvae  were  taken  over  similar 
depth  ranges,  and  at  the  other  two  seasons  only  juveniles 
were  taken  (  Fable  86). 

Lampanyctus  crocodilus  may  stratify  according  to  size.  At 
night  this  stratification  was  related  to  the  extent  of  the 
vertical  migrations  performed  by  this  species.  During  the 
day  in  late  spring  the  two  largest  specimens  (50  and  52  nun) 
were  caught  at  the  greatest  depth,  and  smaller  fish  were 
taken  throughout  the  depth  range.  At  the  other  two  seasons 
too  few  specimens  were  taken  during  daytime  to  note 
whether  or  not  size  stratification  existed  (  Fable  86).  Good¬ 
year  et  al.  (1972)  noted  that  in  the  Mediterranean  Sea 
juveniles  smaller  than  54  mm  were  found  at  shallower 
depths  than  larger  juveniles  and  subadults. 

Post  larvae  probably  were  stratified  by  size.  The  few  taken 
in  the  upper  200  m  at  night  were  smaller  than  14  mm,  and 
those  caught  below  700  m  both  day  and  night  were  larger 
than  14  mm.  This  suggests  that,  as  with  other  myctophids, 
post  larvae  do  not  undergo  extensive  diel  vertical  migrations 
during  initial  development  which  takes  place  at  superficial 
depths,  and  at  about  14  mm  postlarvae  descend  to  greater 
depths  to  complete  development  and  metamorphosis. 

Diel  migrations  apparently  commence  soon  after  meta¬ 
morphosis  and  continue  for  a  limited  time,  after  which  they 
gradually  diminish  in  extent  tin  til  there  is  no  change  in 
depth  during  the  diel  cycle. 

Vertical  migrations  occur  only  in  fish  20-55  mm,  with 
those  20-24  mm  migrating  to  50-100  m,  and  those  28-55 
mm  migrating  to  intermediate  depths  (  Fable  86).  The  catch 
at  night  in  late  spring  consisted  of  migrants  20-24  mm, 
partial  migrants  28-52  mm.  and  nonmigrants  19-25  mm, 
the  size  at  which  metamorphosis  takes  place.  In  late  summer 
the  night  c  atch  consisted  of  partial  migrants  29-55  mm  and 
nonmigrants  25-56  nun,  and  in  winter  of  nonmigrants  54- 
42  mm  (  Fable  86). 

Patchiness. — Clumping  was  indicated  for  the  depth  of 
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Table  86. — Wrtical  distribution  bv  nO-m  intervals  of  Lampanyctus  crocodilus  (Al)  =  adult;  JUV  =  juvenile; 
N  =  nunilxM  of  specimens;  PI.  =  postlarva;  SA  =  subadult;  SI.  =  standard  length  in  mm;  TOT  =  total;  X 
=  mean;  blank  spate  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 


TARI.K  H7 — Seasonal  night  to  day  catch  ratios  of  Lampanyctus  crocodilus 
(Jt  V  =  juvenile;  PI.  =  postlarva;  TOT  =  total  of  all  stages;  *  =  no  catch 
during  one  or  both  diet  periods). 
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maximum  abundance  by  day  in  late  spring  (751-800  m) 
and  by  night  in  late  summer  (851-900  m). 

Night: Day  Catch  Ratios. — Night-to-day  catch  ratios 
for  discrete-depth  captures  (including  interpolated  values) 
are  4.0:1  in  winter,  0.6:1  in  late  spring,  and  2.4:1  in  late 
summer  (  Table  87). 

The  difference  in  diet  catch  rates  for  winter  samples 
probably  was  due  to  poor  sampling  effort  within  the  pre¬ 
sumed  day  range,  751-1000  m  (Table  86).  In  late  spring 
there  were  diel  differences  in  clumping  and  extent  of  ver¬ 
tical  range,  which  might  account  for  the  greater  daytime 
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falrli.  Also  fish  35-52  nmi  were  sampled  only  by  day.  In 
late  summer  several  depths  within  the  diurnal  vertical  range 
were  not  sampled  and  c  lumping  was  noted  bv  night  but  not 
In  dav. 

Lampanyctus  cuprarius 

This  is  a  large  s|X‘c  ies  reported  to  exceed  100  mm  in 
length  (Bekker.  1967;  Kotthaus.  1072;  Pa  tin  et  al.,  1974), 
but  it  probably  does  not  grow  larger  than  80  mm  (Zahura- 
nec.  1980).  The  largest  specimen  taken  during  the  study 
was  79  mm.  Beebe  ( 1987)  listed  the  size  range  of  L.  cuprar- 
i us  taken  near  Bermuda  as  9-101  mm,  but  did  not  indicate 
whether  total  or  standard  length  was  measured.  In  either 
case,  specimens  near  either  extreme  of  the  range  probably 
were  not  1  cuprarius :  transformation  occurs  at  16-18  mm. 

According  to  Backus  et  al.  (1977:275,  table  5),  this  bi¬ 
polar  subtropical  species  is  not  a  ranking  member  of  the 
family  in  any  of  their  Atlantic  mesopelagic  regions.  How¬ 
ever.  in  the  study  area  L.  cuprarius  is  common  and  was 
among  the  eleven  most  abundant  lanternfishes  at  each 
season,  tanking  as  high  as  fifth  in  late  spring.  There  are 
1  462  specimens  in  the  Ocean  Acre  collections;  584  from 
the  paired  seasonal  cruises,  883  of  these  in  discrete-depth 
samples,  of  which  340  were  in  nonet  epuscular  tows  (Table 
23). 

Developmental  Stages. — Post  larvae  were  5-20  mm, 
juveniles  18-54  mm,  subadults  46-74  mm,  and  adults  62- 
73  mm.  Most  juveniles  smaller  than  30  mm  could  not  be 
sexed,  and  most  larger  juveniles  had  small  but  recognizable 
ovaries  or  testes.  Some  females  larger  than  65  mm  and 
categorized  as  subadults  may  have  been  postspawning  adults 
with  regenerating  ovaries.  Adult  females  contained  eggs  as 
large  as  0.5  mm,  but  mostly  ova  were  0.2-0. 3  mm  in 
diameter.  There  may  be  sexual  dimorphism  in  size;  all  fish 
larger  than  70  mm  examined  for  sex  and  stage  (10  speci¬ 
mens)  were  females,  and  the  average  sizes  of  subadult  and 
adult  females  were  2.0  mm  and  1.6  mm  larger  than  those 
of  subadult  and  adult  males,  respectively. 

Reproductive  Cycle  and  Seasonal.  Abundance. — 
The  life  span  of  L.  cuprarius  is  two  or  more  years,  and 
sexual  maturity  is  not  attained  until  the  second  year.  Al¬ 
though  spawning  may  occur  from  spring  to  fall,  it  probably 
is  minimal  except  from  July  through  September,  when 
reproduction  is  at  its  peak.  Abundance  was  fairly  stable  over 
the  three  sampling  periods,  perhaps  a  result  of  the  relatively 
long  life  span.  Abundance  was  greatest  in  late  spring  and 
lowest  in  late  summer  (  Table  88),  which  is  incongruous  with 
the  pronounced  spawning  peak  in  summer.  The  low  late 
summer  abundance  may  be  due  to  continuing  mortality  of 
(xistspawning  adults  and  inadequate  sampling  of  new  re¬ 
el  nits.  The  increase  from  winter  to  late  spring  was  due 
mostly  to  juveniles  and  must  be  an  artifact  of  sampling. 
Normal  mortality  from  winter  to  late  spring,  together  with 


I  ABI  C  KS — Sc.isoil.il  abundance  and  percent  of  total  abundance  (in  paren¬ 
theses)  Lor  Lampanyctus  cuprarius  (AD  =  adult:  JI  A'  —  juvenile;  PI.  = 
IMistlarvn:  SAD  =  subadult:  TOT  =  total.  The  figure  for  abundance  is  the 
sum  of  the  catc  h  rates  Idr  all  30-m  intervals,  with  min |M>l.illon  for  unsam¬ 
pled  intervals,  at  the  diel  |xriod  showing  the  greatest  total  abundance). 
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continuing  development  into  the  subadult  stage,  must  de¬ 
plete  the  abundance  of  juveniles  between  the  two  times. 
Presumably  the  greatest  abundance  occurs  in  fall,  with 
post  larvae  and  juveniles  being  numerically  dominant. 

Adult-size  females  were  caught  at  each  season,  but  greatly 
distended  ovaries  with  eggs  as  large  as  0.5  mm  in  diameter 
were  observed  only  from  July  to  September.  Those  taken 
in  June  had  enlarged,  but  not  distended,  ovaries  with  ova 
up  to  0.3  mm  in  diameter.  Postlarvae  were  caught  only 
during  August-September,  and  juveniles  20-25  mm  began 
to  appear  in  October.  Juveniles  25-30  mm  were  most 
abundant  in  winter.  These  data  show  that  L.  cuprarius 
reproduces  mostly  during  the  summer  and  that  little  addi¬ 
tional  recruitment  occurs  at  other  seasons. 

Almost  all  specimens  caught  in  late  spring  were  either 
30-50  mm  or  59-74  mm.  The  smaller  group  consisted 
mostly  of  juveniles  approaching  one  year  of  age.  The  age 
composition  of  the  group  of  larger  fish  was  uncertain;  there 
may  have  been  more  than  one  age  class  represented.  Those 
smaller  than  about  70  mm  were  approaching  two  years  of 
age  and  were  about  to  spawn  for  the  first  time.  It  is  possible 
that  fish  in  excess  of  70  nun  are  more  than  two  years  old, 
but  they  may  be  faster-growing  fish  approaching  two  years 
old. 

In  late  summer  postlarvae  and  juveniles  smaller  than  20 
mm  begin  to  appear  in  the  catch.  These  fish  apparently 
represent  offspring  from  the  earliest  spawn.  Most  fish  in 
this  group  were  too  small  to  be  sampled  adequately  by  the 
gear  and  probably  were  much  more  abundant  than  the 
samples  indicate.  Most  of  the  other  specimens  were  either 
45-54  mm  or  62-71  mm  and  represented  the  two  size 
groups  noted  in  late  spring  (but  were  slightly  older).  The 
smaller  group  consisted  mostly  of  juveniles  about  one  vear 
old,  and  the  larger  one  mostly  of  subadults  and  adults  about 
two  or  more  years  old.  Several  females  larger  than  65  mm 
and  categorized  as  subadults  appeared  to  be  spent  adults. 
The  abundance  of  both  juveniles  and  subadults  was  about 
half  of  that  in  late  spring.  The  abundance  of  juveniles 
decreased  because  some  had  grown  to  subadults  and  others 
were  lost  to  mortality,  and  also  because  recruits  were  not 
yet  large  enough  to  lx*  sampled  adequately.  The  decrease 
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in  suhadults  is  most  likely  attributable  to  most  having  ma¬ 
tured.  spawned.  and  died  b\  late  summer. 

Spawning  was  completed  In  winter  when  adults  were 
least  abundant  and  no  posllainae  were  (aught  (  Table  88). 
Most  spec  imens  were  either  20-40  mm  or  56-74  mm,  vet  v 
lew  were  41-35  m*u  The  smaller  group  mostlv  consisted 
ol  juvenile  recruits  from  the  recent  spawn  with  the  larger 
group  containing  subadults  and  a  Tew  adults  at  least  a  year 
older  than  tile  recruits.  Older  fish  were  slight  Is  more  abun¬ 
dant  than  the  recruits  (  Table  88),  which  is  the  reverse  of 
w  hat  would  be  expec  ted,  suggesting  that  the  abundance  of 
juveniles  in  winter  was  underestimated.  The  apparent  in- 
(  reuse  in  abundance  ol  juveniles  from  winter  to  late  spring 
further  suggests  that  tile  abundance  of  juveniles  in  winter 
was  underestimated. 

Sk\  Ra  tios. —  The  sexes  were  e<|tiallv  abundant  at  each 
season.  Female  to  male  ratios  were  1.3:1  in  winter  and  late 
spring,  and  0.7:1  in  late  summer.  None  of  these  ratios  is 
significantly  different  from  equality  (  Table  89).  Except  for 
juveniles  in  late  summer  and  subadults  in  late  spring,  there 
were  no  significant  differences  from  equality  for  any  stage 
at  any  season.  Despite  the  differences  noted  above,  the 
sexes  probably  are  equally  abundant  for  the  three  older 
stages. 

Vk.r  noAi.  Distribution, — Diurnal  depth  range  in  w  in¬ 
ter  was  00  I  -  1050  m  (possibly  deeper)  with  maximum  abun¬ 
dance  at  801-850  m,  in  late  spring  751-1200  m  with  a 
maximum  at  75  I  -800  in,  and  in  late  summer  701-950  and 
1451-1500  m  w  ith  a  slight  maximum  at  801-950  m.  Noc¬ 
turnal  depth  range  in  winter  was  200-1000  til  with  maxi¬ 
mum  abundance  at  200-350  m,  in  late  spring  100-1  100  m 
w  ith  a  maximum  at  100  m,  and  in  late  summer  33-1000  m 
with  maxima  at  33  in  and  851-900  m  (  Table  90). 

Stage  and  si/e  stratification  were  evident  at  all  three 
seasons.  The  daytime  depth  of  greatest  abundance  of  juve¬ 
niles  was  shallower  than  that  of  adults  at  all  seasons  and  of 
subadults  in  w  inter  and  late  spring.  In  winter  only  juveniles 
were  caught  at  60 1-750  lit.  and  in  late  summer  all  stages 
except  adults  wete  caught  at  701-850  in.  In  late  spring 
adults  were  not  taken  as  deep  as  juveniles  and  subadults. 
Si /e  stratification  was  well  developed  in  w  inter  and  in  late 

Tabi  f  H'*.  — NuiuIk  is  of  carh  sex  for  each  stage  of  Lampanyctus  cuprarius 
< A 1)  =  adult:  K  =  female;  Jl’V  =  juvenile;  M  =  male;  SAI)  =  subadult: 
I  <)  I  =  total  of  all  three  stages;  asterisk  =  significant  differences  indicated 
b\  ( !lii-s«]tiarc  test  (p  =  .0f>)). 
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summer,  when  the  mean,  minimum,  and  maximum  si/es  all 
increased  with  depth.  In  late  spring  fish  smaller  than  49 
mm  we  re  taken  only  above  about  1000  m.  and  in  winter 
those  larger  than  35  mm  were  caught  at  depths  greater 
than  800  in  (  Table  90). 

At  night  the  depth  of  greatest  abundance  of  juveniles  was 
shallower  than  that  of  the  other  stages  in  w  inter  and  in  late 
spring.  In  late  summer  postlarvae  were  most  abundant  in 
the  upper  50  in,  and  the  three  older  stages  at  851-900  m. 
Except  foi  one  subadult  caught  at  51-100  in,  only  juveniles 
were  taken  at  either  extreme  of  depth  in  late  spring,  and  in 
late  summer  only  postlarvae  were  taken  at  extremes  of 
depth  (  Table  90).  Size  stratification  was  well  developed  only 
in  late  spring  w  hen  all  fish  larger  than  50  mm  were  caught 
above  about  bOO  m  and  smaller  fish  were  taken  over  the 
entire  vertical  range.  In  the  upper  000  ill  fish  also  were 
stratified  bv  size:  those  taken  at  51-100  m  had  a  mean  size 
of  39.8  mm.  and  those  taken  at  1 0 1  -bOO  ill  were  mostly 
larger  than  45  mm  w  ith  a  mean  size  of  54.5  mm.  Most  sizes 
were  taken  throughout  the  depth  range  in  winter  and  late 
summer,  but  the  catch  below  about  700  m  consisted  mostly 
of  fish  larger  than  45  mm  (  Table  90). 

Rost  larvae  also  were  stratified  according  to  size  in  late 
summer.  Those  caught  in  the  upper  150  m  were  6-15  mm, 
mostly  6-11  mm,  and  those  caught  deeper  than  700  m 
were  9-20  mm.  mostly  15-20  mm.  All  postlarvae  caught  at 
the  shallower  depth,  and  all  but  two  from  deeper  depths, 
were  taken  at  night.  Based  upon  the  maximum  size  of 
post  larvae  (20  mm)  and  the  minimum  size  of  juveniles  (18 
mm)  in  the  collections,  metamorphosis  probably  occurs  at 
17-20  mm.  A  few  transforming  postlarvae  16.4-18.8  mm 
were  taken  during  the  program  (H.  Zadoretz.ky,  personal 
communication).  Thus,  initial  development  lakes  place  in 
the  upper  150  in.  Upon  reaching  12-15  mm  postlarvae 
descend  to  depths  greater  than  about  700  m  where  they 
transform  into  juveniles.  Postlarvae  probably  do  not 
undergo  did  vertical  migrations  of  any  great  extent,  but 
additional  daytime  catches  are  needed  to  verify  this. 

Diet  vertical  migrations  occurred  at  each  of  the  three 
seasons,  but  only  part  of  the  population  migrated  to  waters 
shallower  than  the  minimum  day  depths  at  night.  Excluding 
postlarvae,  nonmigrants  accounted  for  about  33  percent  of 
the  total  night  catch  at  each  season.  The  stage  and  size 
composition  of  nonmigrants  varied  seasonally.  In  winter 
nonmigrants  included  juveniles  and  subadults  20-71  mm. 
in  spring  all  but  one  were  juveniles  43-49  nun,  and  in  late 
summer  they  included  all  stages  and  were  9-68  mm.  Kish 
larger  than  49  mm  were  predominant  among  the  nonmi¬ 
grators  in  winter  (69  percent)  and  late  summer  (86  percent). 

Patchink.ss.- — Significant  CD  values  were  obtained  only 
for  depths  at  which  small  catches  were  made  (abundance 
ranged  from  1 .3  to  3.9)  and  at  which  one  or  more  samples 
failed  to  catch  the  species.  It  is  not  likely  that  significant 
patchiness  occurs  at  suc  h  low  population  densities. 
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Table.  90.— Vertical  distribution  by  50-m  intervals  of  Lampanyctus  cuprarius  (Al)  =  adult;  Jl'V  =  juvenile; 
N  =  number  ol  spec  imens;  PL.  =  |x>st  larva;  SA  =  subadult;  SI.  =  standard  length  in  mm;  TOT  =  total;  X 
=  mean;  blank  spare  in  column  —  no  catch  in  a  sampled  interval;  dash  —  unsampled  interval  without 
interpolated  catch;  asterisk  in  \  column  =  unsampled  interval  with  interpolated  catch). 
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<  ] 

<1 

1 

64.0 

64 

<1 

<1 

l 

64.0  64 

451-  500 

3 

3 

8 

31.1 

27-34 

52.3  46-64 

501-  550 

l 

1 

2 

6 

56.0 

32-69 

2 

1 

3 

3 

551-  600 

<1 

<1 

1 

22.0 

22 

1 

1 

2 

63.6 

60-65 

1 

1 

2 

ft 

601-  650 

1 

1 

1 

63.0 

63 

- 

" 

- 

- 

651-  700 

<1 

1 

1 

* 

- 

- 

- 

- 

1 

2 

3 

5 

63.4  47-21 

701-  750 

1 

1 

2 

4 

48.0 

27-67 

- 

- 

- 

- 

1 

1 

2 

2 

57-5  52-63 

751-  800 

3 

3 

9 

65.2 

60-71 

1 

1 

2 

45-9 

45-47 

<1 

<1 

<1 

2 

28.0  9-47 

801-  350 

2 

2 

4 

42.0 

43-46 

1 

1 

1 

3 

ft 

851-  900 

1 

2 

3 

4 

50.7 

20-65 

- 

- 

- 

l 

2 

2 

1 

6 

18 

53-8  18-68 

901-  950 

<1 

1 

1 

ft 

- 

- 

2 

<1 

<1 

1 

3 

9 

35  -  4  15-68 

951-1000 

1 

1 

1 

61.0 

61 

<1 

<1 

1 

49.0 

49 

1 

1 

2 

16.0  16 

1001-1050 

1 

1 

ft 

- 

- 

- 

- 

1051-1100  - 
1201-1250 

1 

<1 

1 

<1 

1 

ft 

47.0 

<•7 

TOTALS 

13 

21 

34 

72 

11 

5 

2 

18 

48 

10 

9 

9 

4 

31 

63 

\k.ht:1)ay  Catch  Ratios. — Night-to-dav  catch  ratios, 
including  interpolated  values,  were  1.1:1  in  winter,  0.4: 1  in 
late  spring,  and  2.0: 1  in  late  summer  (  Fable  91).  F.xcept  for 
juveniles  in  winter  and  adults  in  late  summer,  ratios  for  the 
individual  stages  followed  the  seasonal  trends.  The  ratios 
most  divergent  from  I :  I  were  obtained  in  late  summer  for 


post  larvae  and  juveniles  and  in  late  spring  for  subadults  and 
adults. 

The  lack  of  consistency  in  the  total  niglu-to-day  ratios 
from  season  to  season  indicates  that  several  factors  may 
have  been  responsible  for  the  observed  differences  in 
catches.  Vertical  range  during  daytime  was  smaller  than 
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Tabi.i  91. — Seasonal  night  to  day  catch  ratios  of  Lampanyctus  cuprartus 
(AD  =  adult:  JCV  =  juvenile;  PI.  =  post  larva;  SAD  =  subadult;  TOT  = 
total  of  all  stages;  *  =  no  catch  during  one  or  both  diel  periods). 


SEASON 

PL 

JUV 

SAD 

AD 

TOT 

WINTER 

* 

0.8;  1 

1 .!»:  1 

ft 

1.1:1 

LATE 

SPRING 

* 

0.6;  1 

0.2:1 

CO 

o 

0.4;  1 

LATE 

SUMMER 

15-0: \ 

2.8:  1 

2.0: 1 

0.9:  1 

2.6:  i 

that  at  night  at  cat'll  season,  suggesting  that  compression 
could  result  in  larger  diurnal  catches  than  nocturnal  catches. 
However,  onlv  in  late  spring  did  the  total  day  abundance 
exceed  the  total  night  abundance.  In  late  summer,  when 
the  diel  difference  in  vertical  range  was  greatest,  the  night 
catch  was  2.6  times  greater  than  that  of  day.  At  that  season 
part  of  the  difference  was  due  to  postlarvae  and  juveniles 
smaller  than  ‘20  mm,  for  which  the  ratio  was  8.4:1.  Large 
fish  (mostly  suhadults)  also  were  more  abundant  in  night 
than  in  dav  samples,  possibly  due  to  enhanced  net  avoidance 
during  daytime.  In  winter  fish  larger  than  50  mm  also  were 
more  abundant  in  night  samples,  but  in  late  spring  the 
reverse  was  true,  complicating  avoidance  as  an  explanation. 

Lampanyctus  festivus 

This  large  myctophid  grows  to  138  mm  (Hulley,  1081); 
maximum  si/e  in  the  Ocean  Acre  collections  is  1 10  mm.  A 
bipolar  questionably  subtropical  species,  L.  festivus  is  most 
abundant  in  the  North  Atlantic  subtropical  region  (Backus 
et  al..  1077).  It  is  common  in  the  study  area,  but  ranked  no 
higher  than  twelfth  in  winter  in  abundance.  The  Ocean 
Acre  collections  contain  593  specimens;  188  were  taken 
during  the  paired  seasonal  cruises,  131  of  these  in  discrete- 
depth  samples,  of  which  120  were  in  noncrepuscular  tows 
(  Table  23). 

Developmental  Stacks. — Postlarvae  were  0-23  mm, 
juveniles  21-05  mm,  subadults  03-110  mm,  and  adult 
males  85-103  mm.  All  females  larger  than  80  mm  were 
examined  for  reproductive  state;  none  were  ripe  or  nearly 
ripe.  The  maximum  egg  diameter  observed  was  0.1  mm. 
The  42  specimens  (33-1  10  mm)  that  could  be  sexed  were 
divided  equally  between  males  and  females.  There  was  no 
apparent  sexual  dimorphism. 

Reproductive  Cycle  and  Seasonal  Abundance. — 
Lampanyctus  festivus  probably  spawns  close  to,  if  not  in,  the 
study  area.  However,  until  ripe  females  are  taken,  the  issue 
is  open  to  question.  The  parent  population  apparently 
spawns  over  much  of  the  vear,  with  a  (teak  in  intensity  in 
winter.  The  life  span  is  at  least  two  years  and  probably 
longer.  Abundance  was  greatest  in  winter,  least  in  late 
spring,  and  intermediate  in  late  summer  (Table  92). 


I  abi.k  !I2. — Seasonal  abundance  and  percent  ol  total  abundance  (in  paren¬ 
theses)  tor  l.ampanyclus  festivus  (AD  =  adult:  JUV  =  juvenile;  PI,  =  |>os- 
( larva;  SAD  =  subadult;  TOT  =  total.  The  figure  for  abundance  is  the  sum 
of  the  caicli  rates  lor  all  frO-iii  intervals,  with  interpolation  for  unsampled 
intervals,  at  the  diel  period  showing  the  greatest  total  abundance). 


SEASON 

PL 

JUV 

SAD 

AD 

TOT 

WINTER 

0 . 5 (  3.2) 

13-5(06.0) 

0.8 (  5- 0 

0 .9 (  5-7) 

15-7 

LATE 

SPRING 

4.7(66.2) 

2.2(31.0) 

0.2  (  2.8) 

0 

7-1 

LATE 

SUMMER 

1.2(  9-3) 

10.4(80.6) 

l.0(  7-8) 

o. 3  (  2-3) 

12.9 

Tost  larvae  were  most  abundant  in  late  spring,  juveniles  and 
adults  in  winter,  and  subadults  in  late  summer. 

Although  the  lack  of  ripe  females  in  the  Ocean  Acre 
collections  casts  some  doubt  on  the  reproductive  status  of 
L.  festivus  in  the  study  area,  the  capture  of  postlarvae  and 
small  (less  than  25  turn)  juveniles  suggests  that  spawning 
takes  place  near  Bermuda.  Young  fish  were  taken  over  most 
of  the  vear  and  probably  were  present  at  all  times.  They 
were  most  abundant  in  late  spring  and  only  slightly  less 
abundant  in  late  summer. 

In  winter  recruitment  was  at  a  minimum.  Very  few 
postlarvae  were  taken,  and  most  juveniles  were  larger  titan 
30  mm.  Juveniles  30-40  mm  dominated  the  catch.  Presum¬ 
ably  these  represent  fish  from  the  previous  year's  spawning 
peak.  The  actual  size  range  of  most  of  the  previous  year’s 
spawn  appears  to  be  28-57  mm,  with  few  fish  larger  than 
40  mm.  The  few  63-86  mm  specimens  taken  in  late  spring 
probably  represent  fish  two  or  more  years  old.  The  abun¬ 
dance  of  specimens  in  excess  of  40  mm  is  too  low  to  note 
peaks  in  the  size  frequency  distribution.  Size  ranges  for  the 
various  age  groups  cannot  be  determined  with  any  certainty. 

In  late  spring  postlarvae  dominated  the  small  catch,  ac¬ 
counting  for  about  66  percent  of  the  total  abundance  (Table 
92).  The  relatively  low  abundance  at  this  season  is  somewhat 
puzzling.  It  probably  is  due  to  the  relative  inefficiency  of 
the  3-m  I  KMT  in  sampling  postlarvae,  which  for  the  most 
part  filter  through  the  net,  and  specimens  larger  than  about 
45  mm.  By  late  summer  the  abundance  of  each  stage  (except 
postlarvae)  increased  from  its  late  spring  level  (Table  92). 
The  increase  in  juveniles  is  to  be  expected,  because  most 
postlarvae  present  in  late  spring  had  grown  and  developed 
to  juveniles.  The  catch  in  late  spring  could  be  divided  into 
two  size  groups:  recently  spawned  fish  15-32  mm,  and  fish 
larger  than  50  mm  at  least  1.5  years  old.  Presumably  the 
latter  group  represented  the  28-57  mm  fishes  of  winter  at 
a  more  advanced  age. 

Vertical  Distribution. — Depth  range  by  day  in  winter 
is  701-850  m  with  maximum  abundance  at  701-750  null, 
in  late  spring  51-100  in  and  751-800  m  (possibly  slightly 
shallower  and  deeper),  and  in  late  summer  501-550  ill  and 
751-1 050  in  with  a  maximum  at  801-850  m.  Vertical  range 


Table  93. — Vertical  distribution  by  50-m  intervals  of  Lampanyctus  festivus  (AD  =  adult;  JUV  *  juvenile; 

N  =  number  of  specimens;  PL  =  postlarva;  SA  “  subadult;  SL  =  standard  length  in  mm;  TOT  =  total;  X 
=  mean;  blank,  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 

WINTER  LATE  SPRING  LATE  SUMMER 


DEPTH  CATCH  RATE  SL  CATCH  RATE  SL  CATCH  RATE  SL 

(n)  _  _  _  _  _  _ 


PL 

JUV 

SA 

AD 

TOT 

N 

X 

RANGE 

PL 

JUV 

SA 

AO 

TOT 

N 

X 

RANGE 

PL 

JUV 

SA 

AD 

TOT 

N 

X 

RANGE 

DAY 

51- 

100 

<1 

<1 

1 

13.0 

13 

501- 

550 

<1 

<1 

1 

16.0 

16 

651- 

700 

- 

- 

- 

- 

- 

- 

- 

701- 

750 

8 

8 

20 

35.o 

28-57 

1 

1 

ft 

751- 

800 

4 

4 

ft 

1 

1 

9 

1.3.9 

24-69 

1 

1 

2 

27.0 

25-29 

8oi- 

850 

1 

1 

3 

M.7 

V/J 

OO 

1 

*- 

1 

1 

* 

6 

<1 

6 

13 

33.6 

25-63 

851- 

900 

- 

- 

- 

- 

3 

<1 

3 

ft 

901- 

950 

- 

- 

- 

- 

- 

- 

- 

- 

- 

<1 

1 

1 

3 

20.0 

15-23 

951- 

1000 

- 

- 

- 

- 

- 

<1 

<1 

* 

1001- 

1050 

- 

- 

“ 

- 

<1 

<1 

1 

20.0 

20 

TOTALS 

13 

13 

23 

<1 

3 

3 

10 

<1 

1 1 

<1 

1 1 

20 

NIGHT 

1- 

50 

- 

- 

- 

- 

- 

4 

4 

9-5 

9-11 

- 

- 

- 

- 

- 

51- 

100 

1 

1 

5 

30.6 

30-32 

1 

1 

<1 

2 

10 

38.3 

8-80 

101- 

150 

5 

5 

19 

35.  k 

25-53 

<1 

<1 

1 

60.0 

60 

<1 

<1 

1 

8.0 

8 

151- 

200 

1 

<1 

1 

6 

52.7 

29-85 

<1 

<1 

<1 

1 

6 

59.8 

28-84 

201- 

250 

<1 

<1 

1 

49.0 

49 

<1 

<1 

1 

29.0 

29 

251- 

300 

<J 

<1 

<1 

* 

1 

1 

2 

6 

40.8 

28-65 

301- 

350 

1 

1 

1 

86.0 

86 

- 

- 

- 

- 

- 

851- 

900 

1 

1 

1 

17.0 

17 

* 

- 

- 

- 

- 

<1 

<1 

1 

23.0 

23 

901- 

950 

- 

- 

- 

- 

- 

- 

* 

- 

- 

<1 

<1 

1 

2 

22.5 

20-25 

951- 

1000 

<i 

<1 

1 

21.0 

21 

<1 

<1 

1 

18.0 

18 

1001- 

1050 

<1 

<1 

ft 

- 

- 

- 

- 

1051- 

1 100 

- 

- 

- 

- 

- 

- 

“ 

- 

TOTALS 

1 

7 

1 

1 

9 

33 

5 

2 

<1 

7 

16 

<1 

1 

1 

<1 

5 

18 

at  night  in  winter  is  51-350  m  and  851-900  m  with  maxi-  only  postlarvae  were  taken  in  the  upper  50  m,  and  the  mean 

mum  abundance  at  101-150  m,  in  late  spring  50-150  m  size  at  that  depth  was  much  smaller  than  at  other  depths, 

and  951-1000  m  with  a  maximum  at  50  m,  and  in  late  In  late  summer  only  postlarvae  were  caught  at  101-150  m 

summer  101-300  m  and  851-1000  m  with  a  maximum  at  and  only  postlarvae  and  small  juveniles  below  850  m.  This 

251-300  m  ('['able  93).  resulted  in  smaller  mean  sizes  at  those  depths  than  at  151- 

Stage  and  size  stratification  were  evident  during  the  day  300  m  (Table  93). 
in  late  spring  and  late  summer,  and  by  night  at  each  of  the  Development  apparently  begins  in  the  upper  layers, 

three  seasons.  and  transformation  takes  place  at  relatively  great  depths. 

During  the  day  only  postlarvae  were  caught  above  700  Postlarvae  taken  in  the  upper  120  m  are  6-1 1  mm;  those 

m  in  late  spring  and  late  summer,  and  deeper  than  1000  m  taken  at  851-1050  m  are  19-23  mm.  Four  juveniles  21- 

in  late  summer.  Asa  result,  mean  sizes  at  those  depths  were  25  mm  (two  each  day  and  night)  were  taken  at  901-1000 

much  smaller  than  those  at  751-850  m  (Table  93).  m.  Migrations  apparently  start  at  about  25  mm,  the  size  of 

At  night  in  winter  only  juveniles  were  caught  above  150  smallest  juvenile  size  taken  in  the  upper  250  m  at  night 

m  and  only  subadults  and  adults  at  201-350  m.  In  the  (Table  93). 

upper  200  m  size  stratification  resulted  in  an  increase  in  the  Patchiness. — A  patchy  distribution  was  indicated  at  the 

mean  and  maximum  sizes  with  depth.  The  only  specimen  depth  of  maximum  abundance  by  day  in  each  season.  Ju- 

<  aught  at  85 1  -900  m  was  a  17  mm  postlarva.  In  late  spring  veniles  accounted  for  all  or  must  ot  the  catch  at  these  depths 
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Tabu  94. — Seasonal  night  to  dav  catch  ratios  of  Lampanyctus  festivus  (Al) 
=  adult;  Jl'V  =  juvenile;  PL  =  posthrva:  SAD  =  subaduh;  TOT  —  total  of 
all  Mages;  *  =  no  catch  during  one  or  both  diel  periods). 


SEASON 

PL 

JUV 

SAO 

AD 

TOT 

WINTER 

ft 

0.5:  1 

A 

ft 

0.6:  1 

LATE 

SPRING 

47.0:  1 

1.1:1 

ft 

ft 

3.C  1 

LATE 

SUMMER 

1.3:1 

0.2:1 

2.0:  1 

ft 

0.6:  1 

( .Table  93).  There  was  no  indication  of  patchiness  at  night 
at  am  season. 

Nigh  i : Day  Catch  Ratios. — Night-to-dav  catch  ratios 
inc  luding  interpolated  values  are  0.6:1  in  winter,  3.4:1  in 
late  spring,  and  0.4:1  in  late  summer.  Juveniles  accounted 
for  most  of  the  diel  differences  in  the  catch  in  winter  and 
late  summer,  and  post  larvae  for  most  of  the  difference  in 
late  spring  (  Table  94). 

The  greater  catches  bv  dav  in  winter  and  late  summer 
probable  were  due  to  the  tendency  of  juveniles  to  form 
aggregations,  resulting  in  large  catches  when  such  aggre¬ 
gations  were  encountered  bv  the  net. 

In  late  sn'ing  the  catch  of  post  larvae  at  night  accounted 
for  nearly  all  of  the  difference  between  day  and  night 
catc  hes.  The  depth  at  which  most  postlarvae  were  taken  at 
night  (50  m)  was  not  sampled  during  the  day.  Samples  made 
during  the  dav  at  27  m  (two  samples)  and  55  m  (one  sample) 
failed  to  take  postlarval  L.  festivus.  In  any  case,  abundance 
was  low  . 

Lampanyctus  intricarius 

This  large  lanternfish  (attaining  200  mm  according  to 
Hullev.  19iSl)  is  found  in  all  three  oceans.  In  the  Atlantic, 
where  a  bipolar  temperate  or  bipolar  subpolar-temperate 
distribution  is  indicated.  L.  intricarius  is  found  mainly  in  the 
east  (Backus  et  al..  1977).  This  species  is  rare  in  the  study 
area,  being  represented  in  Ocean  Acre  collections  only  by 
two  juveniles,  29  and  55  mm,  taken  in  Augnst-September. 

Lampanyctus  lineatus 

This  is  a  large  lanternfish,  attaining  a  size  of  221  mm 
(Hullev.  1981);  the  largest  specimen  taken  in  the  study  area 
was  105  mm.  Lampanyctus  lineatus  is  either  a  bipolar  sub¬ 
tropical  spec  ies  or  a  tropical-subtropical  species  (Backus  et 
al.  1977).  It  is  uncommon  in  the  study  area,  never  being 
among  the  20  most  abundant  species  (  Table  131).  The 
Ocean  Acte  collections  contain  84  specimens;  35  were 
caught  during  the  paired  seasonal  cruises.  19  of  these  in 
disc  role-depth  samples,  of  w  hich  I  8  were  in  noncrepuscular 
lows  (  Table  23). 

Developmental  Stages. — Post  larvae  were  7-24  mm. 


juveniles  25-92  mm,  subadults  93-105  mm,  and  adults 
140-165  mm.  Fish  larger  than  99  mm  amounted  to  10 
females  I  Hi- 105  mm  and  5  males  100-140  mm. 

Reproductive  Cycle  and  Seasonal  Abundance. — 
Spaw  ning  apparently  takes  place  at  low  levels  for  about  half 
of  the  year,  it  cannot  be  established  whether  the  population 
near  Bermuda  is  self-sustaining  or  is  dependent  upon  an 
influx  of  recruits  from  elsewhere  to  maintain  its  numbers. 
Judging  from  the  large  size,  the  life  span  probably  is  three 
or  more  years,  but  the  collections  provide  little  information 
concerning  this  due  to  the  paucity  of  specimens  taken  at 
am  season  (  Table  95). 

Large  fish  w  ere  taken  over  most  of  the  year  and  presum¬ 
ably  were  permanent  residents  of  the  area.  Adults  were 
taken  only  :  late  spring  (a  female)  and  in  August  (one  of 
each  sex).  A  1  52  mm  female  taken  in  July,  categorized  as  a 
subadult,  may  have  been  a  spent  adult.  Postlarvae,  including 
transformation  stages,  were  taken  only  in  late  summer, 
juveniles  smaller  than  30  mm  were  taken  in  September, 
October,  and  February.  Taken  together  these  data  indicate 
that  spawning  occurs  at  least  from  late  spring  to  winter. 

'The  e  ntire  catch  in  late  spring  consisted  of  nine  fish  44- 
105  mm,  with  only  fish  44-92  mm  taken  in  discrete-depth 
tows.  Only  postlarvae  were  caught  during  the  paired  late 
summer  cruises.  However,  the  Engel  trawl  fished  at  that 
season  took  19  fish  37-105  null.  Four  fish  25-85  mm  were 
taken  in  winter,  all  in  February. 

Ver  tical  Distribution. — No  more  than  six  specimens 
were  taken  during  the  day  or  night  at  any  of  the  three 
seasons.  Day  captures  in  winter  were  at  701-750  m  and 
801-850  in,  in  late  spring  751-800  m  and  1101-1150  m, 
and  in  late  summer  901-950  ni  and  1001-1050  in.  Night 
captures  in  winter  were  at  151-200  m  and  301-350  m,  in 
late  spring  251-300  m  and  951-1000  m,  and  in  late  sum¬ 
mer  the  upper  50  til  (Table  95). 

Post  larvae  may  be  stratified  by  size.  Those  taken  in  the 
upper  50  m  were  9-12  mm  and  those  from  901-1050  in 
were  20-2  !  mm.  However,  the  shallow  captures  were  at 
night  and  the  deep  ones  during  daytime. 

Lampanyctus  nobilis 

This  widely  ranging  species  is  found  in  tropical  waters  of 
the  three  oceans.  In  the  North  Atlantic  it  is  a  questionably 
tropical  species,  found  mainly  south  of  30°N  (Backus  et  al., 
1977).  I1  has  been  taken  as  far  north  as  50 °N  (Nafpaktitis 
et  al..  1977).  The  species  is  large,  growing  to  at  least  125 
nun  (Hullev.  1981);  the  largest  Ocean  Acre  specimen  is  1  15 
mm.  Apparently,  the  huger  fish  of  this  species  can  easily 
avoid  the  discrete-depth  gear.  File  species  is  rare  in  the 
stud.  area,  being  represented  in  the  collections  by  20  fish, 
19  of  whic  h  were  caught  with  the  F.ngel  trawl  in  August. 
Fhe  remaining  specimen  was  taken  by  discrete-depth  traw  l 
in  late  spring.  Clarke  (1973)  has  noted  the  propensity  for 
net  avoidance  by  L.  nobilis  near  Hawaii. 


Table  93. — Vertical  distribution  by  30  111  intervals  of  Lampanyctus  lineatus  (AO  =  adult;  JUV  =  juvenile; 
N  =  mtinber  of  specimens;  PI.  =  postlarva;  3 A  =  subadult;  SI.  =  standard  length  in  nun;  TOT  =  total;  X 
=  ...-an;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
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asterisk  in  N  column  *  unsampled  interval  with  interpolated  catch). 
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This  species  is  not  a  breeding  resident  of  the  study  area. 
Presumably  the  population  near  Bermuda  consists  ot  expa¬ 
triates  from  the  south.  All  specimens  caught  in  the  study 
area  were  larger  than  60  mm.  There  were  16  males  67- 
1  I  3  mm,  and  4  females  62- 1  I  I  mm  SL.  The  discrete-depth 
capture  was  made  at  290  m  near  sunrise.  Engel  captures 
suggest  dav  dept  Its  were  greater  than  900  m,  and  night 
depths  were  100-200  m.  Clarke  (1973)  gave  a  day  depth 
range  of  623-1000  m  and  night  range  of  40-140  m  for 
fish  of  all  sizes  near  Hawaii. 

Lampanyctus  photonotus 

This  moderately  large  lanternfish  grows  to  a  size  of  70 
turn  In  the  study  area  and  to  83  mm  elsewhere  (Hulley, 
1981).  A  tropical-subtropical  species,  L.  photonotus,  is  a 
ranking  mvetophid  in  the  North  Atlantic  subtropical  region 
( Backus  et  al..  I  977).  It  is  common  but  not  abundant  in  the 
Ocean  Acre  area,  being  among  the  20  most  abundant 


lanternfishes  at  each  of  the  three  seasons,  and  among  the 
top  10  in  winter  (Table  131).  The  Ocean  Acre  collections 
contain  1 074  specimens;  469  were  caught  during  the  paired 
seasonal  cruises,  331  of  these  in  discrete-depth  samples,  of 
which  247  were  in  noncrepuscular  tows  (Table  23). 

Developmental  Stages. — Postlarvae  were  4-20  mm. 
juveniles  17-37  mm,  subadults  30-62  nun,  and  adults  44- 
59  mm.  Most  of  the  few  juveniles  smaller  than  20  mm  had 
slender  thread-like  gonads  and  could  not  be  sexed.  Nearly 
all  juveniles  greater  than  20  mm  had  recognizable  ovaries 
or  testes.  Many  of  the  subadult  females  larger  tha.i  45  mm 
appeared  to  be  spent  but  had  regenerating  ovaries.  Adult 
females  contained  ova  as  large  as  0.4  mm  in  diameter,  but 
most  eggs  were  0.2-0. 3  mm.  There  was  no  apparent  sexual 
dimorphism  in  size.  Adult  males  have  a  larger  supracaudal 
luminous  gland  than  adult  females  (Nafpaktitis  et  al.,  1977). 

Reproductive  Cycle  and  Seasonal  Abundance. — 
Lampanyctus  photonotus  lives  for  more  than  one  year  and 
probably  has  a  life  span  of  two  years.  Adult  size  is  reached 
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I  ari  E  ‘Mi. — Seasonal  abundance  and  percent  of  total  abundance  (in  paren¬ 
theses)  lor  I.ampanyctus  phutonotus  (At)  =  adult;  JUV  =  juvenile;  PL  = 
postlarva;  SAD  =  subadult;  TOT  =  total.  The  figure  for  abundance  is  the 
sum  ol  the  catch  rates  for  all  ">0-m  intervals,  with  interpolation  for  unsam¬ 
pled  intervals,  at  the  diet  period  showing  the  greatest  total  abundance). 


Table  97. — Numbers  of  each  sex  for  each  stage  ol  l.ampanyctus  pholonotus 
(AO  —  adult;  f  =  female;  jUV  =  juvenile;  M  =  male;  SAD  =  subadull; 
TOT  =  total  ol  all  three  stages;  asterisk  =  significant  differences  indicated 
by  Chi-square  lest  (p  =  .05)). 
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'Table  98. — Vertical  distribution  by  50-m  intervals  of  Lampanyclus  photonotus  (AD  =  adult;  JUV  =  juvenile; 
N  =  number  of  specimens;  PL  =  postlarva;  SA  =  subadult;  SL  =  standard  length  in  mm;  TOT  =  total;  X 
=  mean;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 
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iii  lilt-  end  of  (lit'  fust  year,  when  fish  probably  spawn  for 
the  fir  st  time.  Spawning  occurs  from  spring  to  fall  or  winter, 
with  a  peak  in  spring  or  early  summer. 

Abundance  was  greatest  in  winter,  intermediate  in  late 
summer,  and  lowest  in  late  spring  (  Table  ‘Mi).  Subadults  and 
juveniles  were  most  abundant  in  winter,  adults  in  late 
spring,  and  post  larvae  in  late  summer.  In  late  summer  most 
of  the  population  was  either  smaller  than  20  mm  or  larger 
than  40  mm.  The  smaller  sizes  probably  are  not  adequately 
retained  by  the  net.  and  the  larger  ones  probably  can  avoid 
the  net  with  some  degree  of  success.  As  a  result,  abundance 
in  late  summer  probably  was  much  larger  than  estimated 
from  the  actual  catches. 

Adult-si/e  females  (larger  than  45  mm)  were  caught 
throughout  the  seat,  hut  few  were  ripe.  Of  the  eight  ripe 
females  taken  during  the  paired  seasonal  cruises,  seven  were 
c  aught  in  late  spring.  The  remaining  one  was  caught  in  late 
summer.  Small  juveniles  (17-22  mm)  were  most  numerous 
in  ( )c  toher-Movember  collections.  The  seasonal  distribution 
of  ripe  females,  postlarvae,  and  small  juveniles  taken  to¬ 
gether  indicate  a  spawning  peak  in  late  spring  to  midsum¬ 
mer. 

In  late  spring  the  scant  catch  was  mostly  subadults  and 
adults,  with  most  fish  being  at  least  47  mm  in  length.  The 
remainder  of  the  catch  consisted  cat  fi-l<)  mm  postlarvae. 
Although  the  abundance  of  adults  was  not  great,  it  was  at 
its  yearly  peak  (  Table  (Mi).  The  si/e  frequency  distribution 
indie  .tied  that  5-year  c  lasses  were  represented  in  the  catch: 
recently  spawned  fish  fi-IO  mm.  fish  44-49  nun  about  one 
year  old,  and  a  third  group  ">4-1)2  nun  at  least  two  years 
old.  The  absence  of  juveniles  I  7-50  mm  suggests  that  little 
spawning  occurred  during  winter.  The  relatively  low  abun¬ 
dance  m  late  spring  may  have  been,  at  least  in  part,  due  to 
net  avoidance,  as  most  of  the  catch  consisted  of  fish  greater 
than  40  nun. 

In  late  summer  nearly  70  percent  of  the  catch  consisted 
of  post  larvae  6-20  nun.  which  were  more  abundant  than 
all  other  stages  together  in  late  spring  (  Table  9b).  The 
increase  in  abundanc  e  Iron)  late  spring  to  late  summer  was 
almost  exclusively  due  to  recruitment  offish  10-20  mm. 
Presumably  these  individuals  were  spawned  in  late  spring- 
early  summer  during  the  peak  in  spawning.  The  remainder 
of  the  catch  consisted  mostly  of  17-20  mm  juveniles.  As 
most  of  the  juveniles  were  caught  below  850  m  at  night, 
they  probably  were  recently  metamorphosed  individuals. 
4  he  low  abundanc  e  of  juveniles  may  mean  that  most  of  the 
recently  spawned  fish  were  still  postlarvae  not  adequately 
sampled  hy  the  5-m  IKMT.  Small  juveniles  were  abundant 
in  2-tn  I  KM  I  samples  in  Oe  tober-November.  In  late  sum- 
met  subadults  were  mostly  larger  than  44  mm  and  may 
have  been  spent  adults  or  ripening  fish  about  one  year  old. 
Mote  than  80  percent  of  /.  photnnotus  taken  with  the  F.ngel 
lrav\l  m  late  summer  were  greater  than  40  mm.  with  a  peak 
in  numbers  ,u  45-50  nun.  Several  of  the  females  examined 


were-  ripe  or  nearly  ri|x\  indicating  that  spawning  continued 
into  late  summer.  Fish  larger  than  about  40  mm  may  not 
have  been  adequately  represented  in  the  late  summer  dis¬ 
crete-depth  collections  due  to  their  ability  to  avoid  the  net. 

By  w  inter,  spayvning  and  recruitment  were  largely  at  an 
end.  Subadults  50  mm  and  larger  were  predominant,  ac¬ 
counting  for  nearly  70  percent  of  the  catch.  Most  of  the 
remainder  consisted  of  17-55  mm  juveniles.  Fish  from  the 
current  year's  spawn  were  17-42  mm,  with  most  of  those 
from  the  peak  being  greater  than  55  nun.  Larger  fish  (47- 
59  mm)  probably  were  at  least  1 .5  years  old.  The  maximum 
abundance  in  winter  was  due  to  sampling  recruits  from  the 
entire  spawning  season.  Most  of  these  recruits  still  were 
smaller  than  40  nun.  and  presumably  could  not  avoid  the 
net  as  well  as  larger  fishes. 

Skx  Ratios. — Males  were  more  numerous  than  females 
at  eac  h  of  (lie  three  seasons,  with  ratios  of  1.4:1  in  winter, 
1.1:1  in  late  spring,  and  1.5:1  in  late  summer  (  Table  97). 
Only  the  ratio  in  winter  was  significantly  different  from 
equality.  F.xcept  for  adults  in  late  spring  and  late  summer, 
males  of  each  stage  were  more  numerous  than  females  of 
the  same  stages  at  each  season.  Although  none  of  the  ratios 
for  individual  stages  differed  significantly  from  equality,  the 
consistently  greater  number  ofmales  than  females  for  su- 
badults  and  for  juveniles  in  winter,  suggests  that  males  may 
ix>  more  abundant  than  females. 

Vurticai.  Distribution. — Day  depth  range  in  winter 
was  601-850  m  (2  specimens  32  mm  and  53  mm  taken  at 
1501-1550  m  may  have  been  contaminants  from  previous 
toys  )  with  maximum  abundance  at  701-850  m.  in  late  spring 
51-1 00  m  and  701-1  1 00  m  with  no  apparent  concentration 
(4  specimens  47-62  mm  taken  at  301-350  m  are  thought 
to  have  been  contaminants),  and  in  late  summer  501-550 
m  and  801-1050  in  with  a  maximum  at  1001-1050  m. 
Vertical  range  at  night  in  winter  was  40-250  m  and  801- 
850  m  with  maximum  abundance  at  101-150  m,  in  late 
spring  50-100  m,  and  in  late  summer  33-250  m  and  85  1  — 
1000  m  with  a  maximum  at  951-1000  m  ('Table  98). 

Stage  and  si/e  stratification  were  evident  day  and  night 
in  winter  and  late  summer.  In  late  spring  too  few  specimens 
were  taken  to  be  sure  if  stratification  according  to  stage  or 
size  existed. 

During  the  day  in  winter  juveniles  had  a  shallower  upper 
depth  limit  and  were  more  abundant  at  shallower  depths 
(601-750  m)  than  subadults.  In  late  summer  postlarvae 
were  caught  between  501  m  and  1050  ill,  and  the  few 
subadults  taken  were  from  801-850  m;  a  post  larva  was  the 
only  specimen  c  aught  at  51-100  ill.  In  w  inter  there  was  an 
increase  in  the  mean,  minimum,  and  maximum  sizes  with 
depth.  In  late  summer  individuals  10-20  nun  were  caught 
at  501-1050  m  and  larger  specimens  only  at  801-850  m 
(  Table  98). 

At  night  in  winter  juveniles  and  subadults  were  caught  at 
(xith  shallower  and  greater  depths  than  the  few  adults  that 
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were  taken.  Kai'li  of  i lit-  ilii'ff  stages  taken  was  most  abun¬ 
dant  .it  101-150  in.  in  late  summer  only  postlarvae  and 
small  (less  than  20  mm)  juveniles  were  taken  in  the  upper 
100  m  and  at  851-1000  m.  and  only  larger  juyeniles  and 
subadults  were  raptured  at  101-250  in.  Kill'll  ol  the  stages 
taken  was  most  abundant  at  a  different  depth:  postlaryae  at 
051-1000  in.  jun  niles  at  101-150  m  and  001  -050  in.  and 
subadults  at  151-250  m. 

Stralifit ation  l>\  si/e  in  winter  was  seen  in  the  increase  in 
mean  si/e  uitli  depth  in  the  upper  200  m.  where  most  of 
the  (all’ll  was  made  Individuals  larger  than  12  nun  did  not 
migrate  into  the  upper  100  til  and,  except  for  an  18  mm 
iioiimigr.ini  caught  at  801-850  m.  all  specimens  smaller 
than  25  mm  were  caught  in  the  upper  100  in.  Intermediate 
si/es  (25-  12  mm)  were  taken  throughout  the  upper  250  m 
and  c  ciinpi' 'ised  most  of  the  catch  ill  101-150  in.  In  kite 
summer  spec  linens  c  aught  in  the  upper  1  00  ill  and  at  85  I  - 
1000  m  were  all  smaller  than  20  mm.  and  those  taken  at 
It)  I  -250  m  were  21-50  mm.  There  was  also  a  si/e  stratifi¬ 
cation  within  the  101-250  in  stratum;  fish  caught  at  101  — 
150  m  were  21-20  mm  and  those  at  151-250  tn  were  15- 
50  mm.  Klie  mean  si/e  at  I  5  I  -250  m  was  more  than  double 
that  at  other  depths  (Table  08). 

1’ost larvae  appeared  to  he  stratified  bv  si/e  both  day  and 
night.  Ihe  few  specimens  taken  in  the  upper  100  til  were 
all  ti-  III  mm  and.  except  for  a  7  mm  postlarva  from  851- 
000  m.  all  those  caught  below  800  m  were  greater  than  10 
mm.  bee  ause  these  depth  relations  hold  both  dav  and  night, 
postlarvae  probable  do  not  undergo  die!  uutiatl  migrations. 
Initial  development  ol  postlarvae  apparently  occurs  in  the 
uppei  11)0  in.  and  at  about  10  mm  they  descend  to  depths 
in  excess  of  about  800  m.  where  they  continue  to  develop 
and  transform  into  juveniles. 

Diel  vertical  migrations  occurred  at  each  of  the  three 
seasons,  but  onlv  m  late  spring  were  all  night  captures  made 
above  daytime  depths.  In  winter  a  single  nonmigrant  juve¬ 
nile  was  caught  at  801-850  tn.  Nonmigrants  were  most 
abundant  in  late  summer,  when  70  percent  of  the  night 
uhundunc  e  was  due  to  nonmigrants.  Most  nonmigrants  were 
postlarvae.  with  the  remainder  juveniles.  All  were  15-19 
mm.  Regular  migratory  behav  ior  was  assumed  at  about  20 
mm.  as  all  but  one  migrant  were  larger  than  20  mm  and  all 
nonmigrants  smaller  than  20  linn. 

l  ittle  c  ou Id  be  determined  concerning  the  c  hronology  of 
vettic  al  migrations.  In  winter  the  upper  I  50  in  was  occupied 
bv  about  sunset  and  the  upper  100  tn  was  still  occupied 
between  about  0.5- 1.5  hours  before  sunrise.  Daytime 
depths  were  reached  between  1  and  2  hours  after  sunrise, 
giving  a  downward  migration  time  of  about  2.5  hours  and 
a  rate  of  migration  of  about  200  m/hour  between  night 
( 101-150  tn)  and  dav  (701-750  in  and  801  -8.50  m)  depths 
of  maximum  abundance.  Little  could  fie  determined  about 
the  time  of  upward  migration  in  late  summer.  The  upper 
100  m  was  still  occupied  between  0.2-0. 8  hours  before 


sunrise.  Day  depths  were  reached  no  later  than  1.0  hours 
alter  sunrise,  resulting  in  a  migration  time  of  no  more  than 
•1.8  hours  and  a  migration  rale  of  no  less  than  I  10  m/lioui 
between  the  night  (101-150  m)  and  dav  (801-850  m) 
depths  ol  maximum  abundance. 

I’ai  ciiimkss. — Lampanyctus  photonotus  probable  does  not 
have-  a  pate  In  distribution  at  any  time,  despite  significant 
(!1)  values  noted  lor  the  uppei  100  lit  at  night  in  winter 
and  al  51-100  m  at  night  in  late  spring. 

At  night  in  winter  I..  photonotus  apparently  does  not 
regularly  inhabit  depths  shallower  than  about  100  m.  Onlv 
one  sample,  taken  at  10  in,  in  the  uppei  90  m  was  positive 
for  the  species.  (Kite  sample  immediately  following  the 
positive  sample  was  taken  during  the  morning  crepuscular 
period  and  caught  two  spec  imens.)  This  positive  sample  was 
responsible  for  the  significant  CD  value  obtained  fill  the  1- 
50  m  interval.  Although  it  is  possible  that  this  is  an  indica¬ 
tion  of  patchiness,  several  other  interpretations  also  im¬ 
possible. 

Kor  example.  /..  photonotus  may  stray  above  50  tn  onlv 
occasionally,  it  may  inhabit  the  upper  50  in  onlv  near  dawn, 
or  it  may  occur  regularly  with  uniform  density  within  a 
narrow  depth  stratum  near  10  m.  No  spec  imens  were  taken 
between  10  and  90  tn.  and  all  samples  near  100  in  were 
positive.  The  significant  CD  for  51-100  til  was  clue  to  the 
coni  fill  ration  near  100  in  and  the  absence  of  specimens 
from  5  I  -9(>  m. 

Year  to  year  variation  in  the  catch  near  100  m  elevated 
die  CD  for  51-100  m  b  ill)  in  winter  and  late  spring.  In 
both  cases  samples  from  one  year  were  all  similar  to  each 
other  in  abundance  but  differed  slightly  from  those  of  the 
other  year. 

Nic.iii:Dav  C.vir.n  Ramos. — Night-to-day  catch  ratios, 
inc  luding  interpolated  values,  were  1.8:1  in  winter.  0.9: 1  in 
late  spring,  and  1.7:1  in  late  summer  (Table  99).  Most  of 
the  difference  in  winter  was  due  to  subadults  and  most  of 
that  in  late  summer  to  postlarvae. 

Inc  reased  net  avoidance  by  clay  1  i  winter  may  account 
for  much  of  tile  observed  difference  in  diel  catch  rates.  The 
niglu-to-day  catc  h  ratio  for  55—15  mm  fish  was  2.8:1.  and 
all  but  two  fish  larger  than  Hi  mill  were  taken  at  night. 

few  fish  were  caught  either  at  night  or  during  the  day  in 
late  spring,  and  little  can  be  said  concerning  the  night-to- 


Tabi  t  99.  —  Seasonal  night  Jo  fiat  <at<h  nil  ins  of  Lampanyftus  photonotus 
(Al)  =  .ifluli;  JTV  =  juvenile;  1*1.  =  post  larva;  SAD  =  stihadull;  TOT  = 
lot.ii  of  .ill  stages;  *  =  no  ta«  It  during  one  or  both  die!  jx-nods). 
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dav  ratio  Most  specimens  were  larger  ilian  55  mm.  sizes 
dial  prcsumab'v  ran  avoid  die  net  to  at  least  some  degree. 

In  late  summer  most  of  the  difference  in  the  diel  catc  h 
tales  was  due  to  fish  17-19  mm.  f  lic  low  abundance  of 
specimens  this  size  in  da\  samples  almost  certainly  reflects 
a  bias  other  than  a  dav-night  difference  in  net  avoidance, 
l  he  abundance  of  larger  lislt  was  quite  low  both  during 
da  \ time  (0.9  spec  i  mens/I  tour)  and  at  night  ( 1 .4  specimens/ 
In  nil'). 

Lampanyctus  pusillus 

I  Ins  abundant  species  grows  to  Iff)  111111  in  the  study  area, 
pel  haps  to  14  111111  elsewhere  (Hullev,  1981).  Lampa.  - tus 
pii'illtti,  a  hipolat  tempcrate-semisubtropical  species,  is  a 
ranking  mu  lopliid  in  the  North  Atlantic  subtropical  region 
(backus  et  al..  1977).  Ibis  is  demonstrated  in  the  Ocean 
Acre  collections,  file  species  was  vet  v  abundant  near  Ber¬ 
muda.  and  was  among  the  four  most  abundant  lanternfislies 
at  all  three  seasons;  it  was  the  most  abundant  lanternfisli  in 
late  spring.  It  is  represented  in  the  Ocean  Acre  collections 
lie  a  total  o(  49  I  4  specimens;  2545  were  caught  during  the 
paired  seasonal  cruises.  1713  of  these  in  discrete-depth 
samples,  of  w  hie  h  1  492  were  c  aught  in  noncrepu.se  ular  tows. 

Dkvh  opmkm  At  Stacks. — Post  larvae  were  9-14  mm, 
juveniles  I  I  -27  nun.  subadults  20-44  nun,  and  adults  24- 
9a  mm.  Most  juveniles  smaller  than  18  111111  could  not  be 
sexed.  Adult  females  contained  ova  as  large  as  0.6  nun  in 
diameter.  Some  of  the  larger  females  categorized  as  suba- 
tlults  mav  have  been  postspawning  adults  w  ith  regenerating 
ovaries,  females  mav  be  a  little  larger  than  males  of  the 
same  age;  at  each  season  females  averaged  0.5  mm  larger 
than  males  for  both  subadults  and  adults.  This  was  reversed 
in  juveniles,  males  of  whic  h  averaged  0.5-0. 8  mill  larger 
than  females  al  each  season.  However,  females  were  rec¬ 
ognized  at  a  smaller  size  than  males;  most  14-18  mill 
juveniles  (09  percent)  were  females. 

Rt-.PRomr.TiVK  (  '.ycm  and  Skasonai.  Abundanck.— 
I.ampan'tctus  pusillut  has  a  one-vear  life  cycle,  with  only  a 
lew  individuals  surviving  into  the  second  year.  Spawning 
oc  c  urred  .til  or  most  of  the  year,  but  mostly  in  winter  and 
spring.  As  a  result  ol  the  peak  in  recruitment  over  the 
wintci  and  spring,  abundance  was  greatest  in  late  summer, 
when  the  abundance  of  recruits  alone  exceeded  the  total 
abundance  at  either  of  the  other  two  seasons  (  fable  100). 
In  w  mtei  abundance  was  lowest  due  to  the  minimum  of 
spawning  in  summer  and  fall  and  to  continuing  mortality, 
juv  et  tiles  and  si  1  had  u  Its  were  most  abundant  in  late  summer, 
adults  In  winter  and  postlatvae  in  late  spring,  flic-  abun¬ 
dance  ol  subadults  in  winter  approac  hed  that  of  late  sum¬ 
mer  Al  eac  It  season  more  than  75  percent  of  the  catc  h  was 
juveniles  and  subadults  (  fable  100).  fudging  from  the  low 
abimdanc  e  ol  19-18  mm  spec  miens,  there  were  few  recent 
recruits  into  the  population  in  winter.  Most  of  the  winter 


juveniles  probably  were  spawned  in  late  summer  or  early 
fall.  Adults,  subadulls,  and  perhaps  larger  juveniles  were 
spawned  during  or  near  the  previous  reproduc  live  peak  and 
were  approac  hing  one  year  in  age.  at  about  which  time  tliev 
would  spawn  and  die. 

In  late  spring  recruits  from  the  winter-early  spring  spawn 
were  taken  in  great  abundance  and  constituted  90  percent 
ol  the  catch,  file  peak  in  spawning  appeared  to  be  past, 
and  most  ol  the  winter  population  had  died.  This  mortality 
was  evident  in  the  reduced  abundance  of  subadults  and 
adults  (  fable  100),  and  ol  all  specimens  over  20  mm. 
particularly  those  25-90  mm.  file  combined  abundance  of 
subadulls  and  adults  in  late  spring  was  little  more  than  10 
percent  ol  the  total  abundance  in  winter,  indicating  that 
some  90  percent  of  the  winter  population  had  died  by  that 
time. 

About  75  percent  ol  the  late  summer  population  con¬ 
sisted  of  juveniles  18-20  111111  and  subadults  20-28  mm  that 
were  spawned  during  the  winter-early  spring  peak  and  that 
appeared  as  recruits  smaller  than  about  25  111m  in  late 
spring.  Newer  rec  ruits,  juveniles  smaller  than  18  mm,  and 
postlat  vae  accounted  for  an  additional  22  percent  of  the 
late  summer  population.  The  residual  9  percent  was  mostly 
subadulls  larger  than  28  mm,  some  of  which  were  undoubt¬ 
edly  spent  adults  or  adults  that  would  soon  ripen,  spawn, 
and  die. 

Skx  Ratios. — The  sexes  probably  are  equally  abundant 
tit  each  season,  despite  females  being  consistently  more 
numerous  than  males  with  sex  ratios  of  1.1:1  in  winter  and 
late  spring  and  1.5:1  in  late  summer.  Only  the  last  differ¬ 
ence.  whic  h  was  clue  to  15-1  7  111m  juveniles,  for  whic  h  the 
female  to  male  ratio  was  5.1:1,  is  statistically  significant 
(  fable  101).  f.xc  luding  the  15-17  mm  juveniles  from  the 
late  summer  analysis  resulted  in  a  female  to  male  ratio  of 
1.1:1  for  the  remaining  juveniles  and  for  total  numbers; 
neither  difference  was  statistically  significant.  The  differ¬ 
ence  for  15-1  7  mm  juveniles  may  be  due  to  females  devel¬ 
oping  faster  and.  therefore,  being  recognized  at  a  smaller 
size  than  males. 

Vr.RTtOAi.  Distribution. — Vertical  range  bv  dav  in  win¬ 
ter  was  55  in  and  551-850  111  with  maximum  abundanc  e  at 
001-050  in,  in  late  spring  52  111  and  551-900  111  with  a 
maximum  at  60 1 -700  111.  and  in  late  summer  501-950  m 
with  a  maximum  at  601-650  111.  Nighttime  depth  range  in 
winter  was  40-250  111  and  751-800  111  with  maximum 
abundance  al  101-150  111,  in  late  spring  50-150  m  and 
551-1000  m  with  a  maximum  at  51-100  m,  and  in  late 
summer  55-1000  111,  with  a  maximum  at  55  m  and  a 
scrondaty  concentration  at  101-150  m  (  fable  102). 

Stage  and  size  stratification  were  evident  al  each  season, 
and  adults  were  stratified  bv  sex  in  w  inter.  During  the  dav 
only  post  larvae  were  taken  at  the  shallow  extreme  and  onlv 
juveniles  and  post  larvae  at  the  deep  extreme  at  each  season. 
During  daytime  in  late  spring,  juveniles  had  a  more  exit'll- 
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Tam  t  100. — Seasonal  abundance  ami  percent  of  total  abundance  (in 
fkimit best's)  tor  Lampanyctus  pusillus  (AD  =  adult;  Jl’V  =  juvenile;  PL  = 
jk>stlai\a;  SAD  =  sohadult;  TOT  =  total.  The  figure  tor  abundance  is  the 
stun  of  the  t  an  b  rates  lor  all  50-in  intervals,  with  interpolation  for  utisani- 
pletl  intervals.  ,it  the  diel  period  showing  the  greatest  total  abundance). 


Tabi.K  101. — Numln'is  of  each  sex  lor  each  stage  oi  Lampanyctus  pusillus 
(AD  —  adult;  K  —  female;  JLV  =  juvenile;  M  =  male;  SAD  —  subadull; 
TO  I  =  total  of  all  three  stages;  asterisk  =  significant  differences  indicated 
hv  (ihi-scjuare  lest  (p  =  .0f>)). 


SEASON 

PL 

JUV 

SAD 

AD 

TOT 

WINTER 

0.5 1 0.5) 

37.2  (36.3) 

60.1 (39-  1) 

26.7  (26.  1) 

102.5 

LATE 

SPRING 

7  -  2 (  6.2) 

96.6  (83.8) 

8.2 (  7.1) 

3 •  3 (  2.9) 

115.1 

LATE 

SUMMER 

6.7 (  2.6) 

165.5  (75-7) 

60.8(21.2) 

1 . 1 (  0.6) 

192. 1 

SEASON 
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SAD 

AD 

TOT 

M 
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F 

M 

F 

WINTER 

39 

69 

69 

85 

65 

53 

173 

187 

SPRING 

l  10 

130 

28 

31 

19 

U 

157 

175 

SUMMER 

170 

230* 

79 

76 

3 

10 

252 

316* 

Tabi.F.  102. — Vertical  distribution  by  50-tn  intervals  of  Lampanyctus  pusillus  (AD  =  adult;  Jl’V  “  juvenile; 
N  —  number  of  specimens;  PL  =  postlarva;  SA  =  subadult;  SL  =  standard  length  in  mm;  'LOT  =  total;  X 
=  mean;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
inter|X)lated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 
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si vc  range  than  suhadults  and  adults,  being  caught  both  at 
shallower  and  deeper  depths  than  the  older  stages.  In  late 
summer  juveniles  and  subadults  were  taken  at  greater 
depths  than  adults.  At  both  of  those  seasons  juveniles, 
suhadults.  and  adults  had  their  greatest  abundance  at  the 
same  depths.  Although  the  depth  ranges  of  juveniles,  su¬ 
badults.  and  adults  were  similar  in  winter,  a  few  juveniles 
were  taken  slight  Iv  deeper  than  the  others.  Juveniles  and 
suhadults  were  most  abundant  at  601-630  m  and  adults  at 
701-730  m  and  331-600  m.  All  adults  taken  at  331-600 
m  were  females  and  9-4  percent  of  those  from  701-730  in 
were  males.  This  stratification  of  the  sexes  was  not  noted  at 
the  other  two  seasons. 

Si/e  stratification  In  da\  was  apparent  only  in  w  inter  and 
late  spring.  In  late  summer  most  sizes  were  caught  through¬ 
out  the  vertical  range.  In  winter  fish  larger  than  24  mm 
were  taken  at  331-730  m,  and  those  16-24  mm  only  at 
33  I  -630  ni.  The  small  catch  at  80 1  -830  m  consisted  of  fish 
1.4-13  m m.  In  late  spring  both  the  maximum  and  mean 
sizes  increased  from  331  to  700  m,  fish  14-25  mm  being 
t  aught  throughout  that  range  and  larger  ones  (with  a  single 
exception)  only  at  651-700  m.  Fish  caught  at  751-900  m 
were  all  11-19  mm;  those  smaller  than  14  nun  were  con¬ 
fined  to  that  stratum  (Table  102). 

At  night  in  late  spring  and  late  summer  the  range  of 
juveniles  encompassed  that  of  the  other  stages;  only  juve¬ 
niles  were  found  at  the  upper  depth  limit  at  both  seasons 
and  only  juveniles  and  postlarvae  (late  spring  only)  at  the 
lower  depth  limit.  At  both  seasons  the  depth  range  of  adults 
was  restricted  to  one  or  two  50-nt  intervals.  In  winter  the 
situation  was  reversed,  with  t lie  range  of  subadults  and 
adults  enveloping  that  of  juveniles.  In  late  summer  juveniles 
were  most  abundant  in  the  upper  50  nt  and  subadults  and 
adults  at  101-150  m.  In  winter  juveniles  were  most  abun¬ 
dant  at  51-100  m  and  the  two  older  stages  at  101-150  m. 
Juveniles,  subadults,  and  adults  were  each  most  abundant 
at  51-100  m  in  late  spring,  with  postlarvae  showing  a  slight 
concentration  at  101-1  50  nt.  In  late  summer  an  upper  layer 
of  juveniles  was  isolated  from  the  remainder  of  the  popu¬ 
lation  (as  was  the  case  for  A',  valdiviae)-,  at  33  tit  onlyjuveniles 
were  taken,  at  50-70  nt  no  specimens  were  taken,  at  70- 
80  m  no  samples  were  made,  at  90  m  about  58  percent  of 
the  catch  consisted  of  juveniles,  at  1  10  m  51  percent  con¬ 
sisted  of  juveniles.  This  situation  was  not  evident  at  the 
other  two  seasons.  In  winter  adults  and  subadults  were 
stratified  bv  sex;  78  percent  of  those  caught  at  95  m  were 
females,  and  86  percent  of  those  at  200  m  were  males.  The 
sexes  were  approximately  equally  abundant  between  those 
depths.  The  observed  segregation  of  the  sexes  may  be 
associated  with  reproduction,  since  only  subadults  and 
adults  were  involved,  and  it  was  observed  only  in  winter, 
shortly  fie  fore  the  breeding  peak. 

In  terms  of  si/e.  fish  that  migrated  into  the  upper  50  m 
in  late  spring  and  late  summer  all  were  smaller  titan  23  mm. 


and  the  mean  si/e  of  the  catch  at  that  depth  was  noticeably 
smaller  than  at  other  depths  above  the  day  range  at  both 
seasons.  All  specimens  caught  at  day  depths  at  night  in  late 
spring  were  10-18  mm,  whereas  all  sizes  except  for  30-33 
mm  were  taken  at  day  depths  at  night  in  late  summer.  In 
winter  most  sizes  were  taken  at  51-100  lit,  but  only  fish 
larger  than  20  mm  were  caught  at  1  0 1  -250  m  (Table  1 02). 

Postlarvae  were  stratified  by  size  day  and  night  in  late 
spring  and  late  summer  and  probably  also  in  winter,  when 
very  few  were  caught.  All  those  caught  in  the  upjier  150  m 
day  or  night  were  4-8  mm,  all  those  caught  below  700  m, 
except  for  a  5  nun  specimen  caught  at  901-950  m  in  late 
summer,  were  8-12  mm,  and  those  at  intermediate  depths 
(200-500  m)  were  6-7  mm.  These  observations  indicate 
that  initial  development  occurs  in  the  upper  150  m,  and 
that  at  a  size  of  about  6-7  mm.  postlarvae  descend  to  depths 
below  the  daytime  level  of  subadults  and  adults,  where 
transformation  occurs,  before  which  significant  diel  vertical 
migrations  do  not  occur. 

Diel  vertical  migrations  occurred  at  each  season,  but  not 
all  individuals  migrated  to  shallower  depths  at  night.  Non- 
migrants  were  most  abundant  in  late  spring  and  late  sum¬ 
mer.  at  which  seasons  they  accounted  for  37  and  22  percent 
of  the  catch,  respectively.  A  single  postlarva  was  caught  at 
clay  depths  during  the  night  in  winter.  Migratory  behavior 
is  assumed  at  a  size  of  about  15-16  turn.  At  night  in  late 
spring  and  late  summer  juveniles  smaller  than  14  m  were 
taken  only  at  day  depths;  those  15-16  mm  were  taken  both 
at  day  depths  and  in  the  upper  200  m,  but  mostly  the  latter. 
At  night  larger  fish  were  taken  almost  exclusively  in  the 
upper  100  m  in  late  spring,  and  were  well  dispersed  verti¬ 
cally  in  late  summer  but  more  abundant  in  the  upper  300 
m  than  at  day  depths. 

Upward  migrations  commenced  no  earlier  than  2  hours 
before  sunset  in  winter,  3.5  hours  before  sunset  in  late 
spring,  and  2.5  hours  before  sunset  in  late  summer.  Night¬ 
time  depths  were  reached  no  later  than  2.5  hours  after 
sunset  at  each  season,  giving  evening  migrations  of  no  more 
than  4.5  hours  in  winter.  6  hours  in  late  spring,  and  5  hours 
in  late  summer.  Using  these  estimates,  approximate  mini¬ 
mum  rales  of  upward  migrations  between  day  and  night 
centers  of  abundance  were  1  10  m/hour  in  winter  (650  m 
to  130  m),  90  m/hour  in  late  spring  (650  m  to  100  nt),  and 
120  m/hour  in  late  summer  (625  m  to  33  m). 

Night  depths  were  occupied  until  less  than  2  hours  before 
sunrise  in  winter  and  late  summer  and  less  than  2.5  hours 
before  sunrise  in  late  spring.  Day  depths  were  reached  no 
later  than  3  hours  after  sunrise  in  winter,  2.5  hours  after 
sunrise  in  late  spring,  and  1.7  hours  after  sunrise  in  late 
summer.  These  estimates  of  maximum  times  spent  in  re¬ 
turning  to  daytime  depths  yield  approximate  minimum 
rates  of  migration  from  depths  of  maximum  abundance  at 
night  to  those  (luring  the  day  of  1  00  ni/hour  in  winter  (1 50 
m  to  6.30  m),  I  10  m/hour  in  late  spring  (100  m  to  650  m). 
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and  170  m/hour  in  late  summer  (33  m  to  023  in). 

In  both  winter  and  late  summer  a  lew  specimens  were 
(aught  at  nocturnal  depths  near  or  at  the  time  of  sunrise, 
thus  the  estimate  for  times  of' downward  migrations  at  those 
seasons  mav  he  somewhat  too  large.  Estimates  of  migration 
times  and  rates  in  late  summer  mav  be  further  in  error 
because  of  the  large  proportion  of  nonmigrants,  which 
included  most  sizes. 

At  or  near  sunset  in  each  season  and  at  or  near  sunrise 
in  late  spring,  specimens  were  taken  at  several  intermediate 
depths,  suggesting  that  the  entire  population  probably  does 
not  migrate  as  a  unit. 

Pa  I  chiness. — Clumping  was  indicated  during  the  (lav  at 
331 -f>0()  in  and  701-730  m  in  winter,  331-700  in  in  late 
spring,  and  001-030  m  and  801-830  m  in  late  summer.  A 
patcliv  distribution  was  indicated  at  the  depth  of  greatest 
abundance  of  all  stages,  except  postlarvae,  at  each  season. 
In  winter,  when  adults  were  stratified  according  to  sex. 
dumping  was  indicated  at  the  depths  of  maximum  abun¬ 
dance  of  both  sexes. 

Patchiness  at  night  was  noted  at  101-130  m  in  winter, 
31-100  m  and  801-830  in  in  late  spring,  and  31-100  m 
and  731-800  in  in  late  summer.  Patchiness  occurred  at  the 
depth  of  greatest  abundance  of  adults  and  subadults  in 
w  inter,  of  all  stages  except  postlarvae  in  late  spring,  and 
onlv  of  nonmigrant  juveniles  in  late  summer. 

Significant  CD  values  for  day  samples  at  751-800  to  in 
late  spring,  for  night  samples  in  the  upper  100  tn  in  winter, 
and  at  33-100  m  and  131-300  m  in  late  summer  are 
thought  to  be  due  to  distributional  features  other  than 
( lumping.  Year  to  year  variation  in  population  density  may 
be  the  cause  of  the  significant  CD  for  the  day  samples  at 
7 3  1  -800  m  in  late  spring.  Although  the  four  samples  taken 
at  that  depth  were  equally  divided  between  the  two  cruises. 
1  3  of  the  1 4  fish  were  caught  during  one  cruise. 

At  night  in  winter  the  10  samples  made  in  the  upper  50 
in  (aught  two  specimens,  which  obviously  cannot  indicate 
patchiness.  Of  the  samples  made  at  51-100  m  only  those 
from  03-100  in  caught  L.  pusillus.  The  catches  at  95-100 
m  appeared  to  be  random,  and  the  CD  for  samples  made 
onlv  at  that  depth  was  not  significant.  The  large  CD  ob¬ 
tained  for  samples  made  in  the  upper  50  in  in  late  summer 
mav  or  may  not  indicate  patchiness,  but  there  are  too  few 
data  to  be  sure.  The  only  two  samples  (both  at  33  m) 
dif  f  ered  In  a  factor  of  six.  but  the  earlier  one,  which  caught 
fewer  specimens,  was  made  shortly  after  the  twilight  period 
and  mav  have  captured  early  migrants.  Of  the  15  samples 
made  at  151-300  ill,  4  were  positive  and  contained  a  total 
of  ti  specimens.  These  were  not  concentrated  at  any  depth, 
but  were  all  caught  at  0300-0400  hours,  which  was  ap¬ 
proaching  the  morning  crepuscular  period,  and  suggests 
that  the  fishes  caught  mav  have  been  migrating  to  day 
depths. 

\i<.ht:Dav  Catch  Ratios. — Night-to-day  catch  ratios. 


Tari.K  103. — Seasonal  night  to  day  catch  ratios  of  Lampanyrtus  pusillus 
(Ai)  =  adult;  Jl  V  =  juvenile;  PL  =  post  larva;  SAI)  —  subadult;  TOT  — 
total  of  all  stages). 


SEASON 

PL 

JUV 

SAO 

AD 

TOT 

WINTER 

0.6: 1 

>0.1:1 

0.2:  1 

0.6:  1 

0.2:  1 

LATE 

SPR'NQ 

2.6:  1 

0.4:  1 

0.6:  1 

0.3:  1 

0.5:  1 

LATE 

SUMMER 

1.8:  1 

0.4:1 

0.3:1 

0.9:  1 

0.4:  1 

including  interpolated  values,  were  0.2:1  in  winter,  0.5:1  in 
late  spring,  and  0.4: 1  in  late  summer.  Except  for  postlarvae 
in  late  spring  and  late  summer,  day  catches  were  greater 
than  night  catches  for  each  stage  at  all  three  seasons,  '['he 
greatest  deviance  from  a  1 : 1  ratio  for  the  three  oldest  stages 
occurred  in  winter  (  fable  103).  The  observed  ratios  seem 
to  be  due  ntainlv  to  diel  differences  in  depth  range  and 
clumping,  rather  titan  diel  differences  in  net  avoidance. 
Although  juveniles  were  responsible  for  most  of  the  differ¬ 
ence  at  each  season,  it  was  not  likely  that  they  were  better 
able  to  avoid  the  nets  than  older,  presumably  stronger 
swimming  fishes.  Lampanyctus  pusillus  was  more  dispersed 
vertically  at  night  than  by  day  in  late  spring  and  late  sum¬ 
mer;  ibis  may  have  accounted  for  some  of  the  difference 
between  night  and  day  catches  at  those  seasons.  Another 
source  for  the  difference  in  late  spring  could  have  been  the 
limited  vertical  distribution  of  samples  in  the  upper  100  nt; 
all  were  made  either  at  the  surface,  at  50-56  tn,  or  at  91- 
100  m.  If  concentrations  of  L.  pusillus  existed  between 
those  depths,  the  estimate  of  abundance  would  have  been 
too  low. 

In  winter,  although  the  day  and  night  vertical  ranges 
were  similar,  the  total  day  catch  was  about  5  times  larger 
than  that  of  the  night,  and  for  juveniles  the  day  catch  was 
more  than  1  5  times  larger  the  night  catches.  Differences  of 
that  magnitude  probably  were  due  to  not  sampling  the 
depth  of  maximum  concentration  at  night  in  winter.  For 
example,  if  L.  pusillus  was  most  abundant  between  100  and 
150  tn,  a  significant  proportion  of  the  population  was  not 
sampled,  as  there  were  no  discrete-depth  noncrepuscular 
samples  made  between  the  two  depths. 

At  each  season  clumping  was  indicated  to  be  more  prev¬ 
alent  during  daytime  than  at  night.  This  may  have  contrib¬ 
uted  to  the  observed  differences  in  day  and  night  catches. 

Lepidophanes  gaussi 

This  is  a  medium-size  lanternfish,  attaining  48  mm  (Hul- 
ley.  1981).  Ii  reaches  44  nun  in  the  study  area;  most  were 
smaller  than  40  mm.  A  bipolar  subtropical  species  confined 
to  i lie  Atlantic  Ocean,  Lepidophanes  gaussi  is  a  ranking  1 
myctophid  in  both  the  North  and  South  Atlantic  subtropical  | 
regions  (Bac  kus  et  al.,  1977).  Near  Bermuda.  L.  gaussi  is 
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.ilnmd.ml;  ii  was  among  the  10  most  abundant  mvetophids 
onl\  in  late  summer,  when  it  tanked  seventh  (Table  131). 
kite  rolleetions  contain  9a  1  specimens:  496  were  caught 
during  the  paired  seasonal  cruises,  283  of  these  in  disc  rete- 
depth  samples,  of  w  hich  249  were  in  none  repuscular  tow  s 
(  I  able  23). 

Developmental  Stages. — Postlarvae  were  10-14  mm. 
juveniles  13-20  mm.  subadults  23-42  mm,  and  adults  29- 
43  mm.  Most  juveniles  less  than  18  mm  had  slender  thread¬ 
like  gonads  and  could  not  be  sexed,  and  most  larger  juve¬ 
niles  had  small  but  recognizable  ovaries  or  testes.  Adult 
females  had  eggs  as  large  as  0.3  mm  in  diameter,  but  most 
ova  were  less  than  0.4  mm.  Several  females  larger  than  33 
mm  categorized  as  subadults  ma\  have  been  spent  adults 
with  reduced  ovaries.  No  sexual  differences  in  size  or  dis¬ 
tribution  of  luminous  tissue  were  apparent. 

RePROIH  <  I IVE  CYCLE  AM)  SEASONAL  ABUNDANCE. — Lep- 
idophanes  gaussi  has  a  one-vear  life  cycle,  with  few  individ¬ 
uals  surviving  much  bevond  a  vear.  Spawning  may  occur 
the  entire  vear,  with  a  strong  peak  in  spring.  Abundance 
was  greatest  in  late  summer,  when  the  species  was  the 
seventh  most  abundant  lanternfish,  and  when  juveniles  and 
suhadults  had  their  peak  abundances.  Abundance  was  inter¬ 
mediate  in  w  inter  and  lowest  in  late  spring  (Table  104). 

Adult  females  were  taken  throughout  the  year  but  were 
not  abundant  in  collections  f  rom  any  of  the  paired  seasonal 
cruises.  Samples  from  April  contained,  by  far,  the  greatest 
percentage  of  adult  females  (more  than  25  percent). 
Postlarvae  were  taken  only  from  April  to  October;  most 
were  taken  in  July  (12)  andjune  (8).  Juveniles  smaller  than 
20  mm  showed  a  marked  peak  in  abundance  in  late  summer, 
when  they  accounted  for  more  than  70  percent  of  the 
nighttime  catch.  These  distributions  show  that  spawning 
was  at  a  peak  in  mid-  or  late  spring. 

In  winter  the  catch  consisted  mostly  of  subadults  and 
adults  larger  than  23  mm  that  would  ripen  and  spawn  in 
spring.  Those  fish  were  mostly  30-43  mm  and  accounted 
for  about  one-half  of  the  total  abundance.  Fish  smaller  than 
20  mm  ac  counted  for  about  one-tenth  of  the  total  abun¬ 
dance.  indicating  that  little  spawning  occurred  in  fall. 

In  late  spring  juveniles  smaller  than  20  mm  and  postlar¬ 
vae  from  the  earliest  spawn  accounted  for  more  than  00 
percent  of  the  small  catch.  Subadults  and  adults  were  23- 
42  mm,  but  mostly  were  larger  than  35  mm.  Subadults  and 
adults  were  about  one-third  as  abundant  as  they  were  in 
winter  (  fable  104).  suggesting  that  most  winter  subadults 
and  adults  had  spawned  and  died  by  late  spring.  Presum¬ 
able,  most  of  the  population  in  late  spring  was  represented 
In  postlarvae  that  were  too  small  to  be  sampled  adequately 
by  the  gear  used. 

In  late  summer  rec  ruits  for  the  spring  spawn  accounted 
lot  mote  than  80  percent  of  the  total  abundance  (Table 
104).  |uveniles  15-17  mm,  whic  h  presumably  were  from  the 
spawning  peak,  comprised  slightly  more  than  03  percent  of 
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I  he  total  abundance.  Older  fish  were  2.3-42  mm,  but  mostly 
28-31  mm.  There  were  two  peaks  in  the  size-frequency 
distribution;  one  at  23  mm  and  one  at  28-30  mm.  This 
bimodal  distribution  was  not  evident  at  other  seasons.  Few 
fish  were  larger  than  33  mm,  indicating  that  spawning 
essentially  was  completed.  Some  of  these  specimens  may 
live  into  their  second  year. 

Sex  Ratios. — Males  were  more  numerous  than  females 
at  each  season,  with  sex  ratios  of  1.2:1  in  winter  and  late 
spring,  and  1.4:1  in  late  summer.  Only  in  late  summer  was 
the  ratio  significantly  different  from  equality  (Table  105). 
Juvenile  and  adult  males  were  more  numerous  than  females 
of  those  stages  at  each  of  the  three  seasons,  but  only  the 
ratio  for  adults  in  late  spring  was  significantly  different 
from  equality.  More  subadult  females  were  taken  than 
suhatlult  males  in  winter  and  late  spring,  but  the  dif  ferences 
were  not  significant.  In  late  summer  subadult  males  were 
significantly  more  numerous  than  subadult  females. 

Vertical  Distribution. — Day  depth  range  in  winter 
was  001-850  m  (possibly  deeper)  and  1501-1550  m  with 
no  apparent  concentrations;  in  late  spring  51-100  m,  301  — 
350  m,  001-900  m,  and  1151-1200  m,  again  with  no 
apparent  concentrations;  and  in  late  summer  701-800  m 
(Table  100).  Neither  of  the  two  specimens  taken  below 
1000  m  appeared  to  be  a  contaminant  from  a  prior  tow, 
suggesting  that  L.  gaussi  regular!)'  may  inhabit  those  depths. 
1'lie  specimens  from  301-350  m  in  late  spring  probably 
were  contaminants. 

Nighttime  vertical  range  in  winter  was  40-250  m,  with 
maximum  abundance  at  51-100  m,  in  late  spring  50-100 
in;  and  in  late  summer  33-300  m,  601-650  m,  and  751  — 
800  m  with  a  maximum  at  33-50  m  (Table  106). 

Stage  and  size  stratification  were  evident  by  day  in  winter 
and  late  spring,  and  at  night  in  late  summer.  Few  fish  were 
caught  at  other  season/diel-period  combinations,  and  noth¬ 
ing  can  be  said  concerning  stratification  at  those  times. 

During  daytime  in  winter  and  late  spring,  juveniles  were 
more  abundant  at  a  shallower  depth  than  the  two  older 
stages,  juveniles  and  subadults  had  a  shallower  upper  depth 
limit  than  adults,  and  subadults  and  adults  were  taken 
at  greater  depths  than  juveniles.  In  late  spring  a  single 
postlarva  was  taken  at  51-100  in.  In  terms  of  size,  only 
specimens  smaller  than  26  nun  were  caught  above  700  m, 
and  all  but  one  specimen  taken  below  700  m  were  greater 
than  30  mm  in  both  winter  and  late  spring  (Table  106). 

At  night  in  late  summer  juveniles  were  most  abundant  at 
a  shallower  depth  and  had  a  more  extensive  depth  range 
than  the  two  older  stages.  Although  the  size  ranges  at  33- 
50  m  and  51-100  m  were  similar,  most  fish  smaller  than 
22  nun  were  taken  at  the  shallower  depth  and  most  larger 
specimens  at  the  greater  depth.  The  mean  size  at  33-50  in 
was  17.5  nun.  and  that  at  51-100  m  was  26.4  nnn.  All 
specimens  taken  below  600  tn  were  15-16  111111  (Table  106). 

Diel  vertical  migrations  occurred  at  each  of  the  three 
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Tabu.  KM.— Seasonal  abundance  and  percent  of  total  abundance  (in 
parentheses)  for  Lepidophanes  gaussi  (AD  =  adult;  JUV  =  juvenile;  PL  = 
post  larva;  SAD  —  subadult:  LOT  =  total.  The  figure  for  abundance  is  the 
sum  of  the  catch  rates  for  all  50-m  intervals,  with  interpolation  for  unsam¬ 
pled  intervals,  at  the  die)  period  showing  the  greatest  total  abundance). 


SEASON 

PL 

JUV 

SAD 

AO 

TOT 

WINTER 

0 

2.5(25.8) 

5.5(57.5) 

2.6(25.8) 

9-7 

LATE 

SPRING 

0.6 (  7.9) 

5.0 (52.5) 

2.0(25.3) 

1.003.2) 

7.6 

LATE 

SUMMER 

0 

52.7(85.2) 

8.503.5) 

t.6(  2.2) 

62.6 

Table  105. — Numbers  of  each  sex  for  each  stage  of  Lepidophanes  gaussi 
(AD  =  adult;  F  =  female;  JTV  =  juvenile;  M  =  male;  SAD  =  subadult; 
TOT  =  total  of  all  three  stages;  asterisk  =  significant  differences  indicated 
by  Chi-square  test  (p  —  .05)). 


SEASON 

JUV 

SAD 

AD 

TOT 

M 

F 

M 

F 

M 

F 

M 

F 

WINTER 

7 

5 

1  I 

13 

6 

3 

24 

20 

SPRING 

14 

1  1 

12 

19 

15 

3* 

4  1 

33 

SUMMER 

66 

59 

77 

50* 

17 

9 

160 

1 1 8* 

Table  106. — Vertical  distribution  by  50-m  intervals  of  Lepidophanes  gaussi  (AD  =  adult;  JUV  =  juvenile; 
N  =  number  of  specimens;  PL  =  postlarva;  SA  =  subadult;  SL  =  standard  length  in  mm;  TOT  =  total;  X 
“  mean;  blank  space  in  column  —  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 


WINTER 


LATE  SPRING 


LATE  SUMMER 


DEPTH 

(M) 

CATCH  RATE 

SL 

CATCH  RATE 

SL 

CATCH  RATE 

SL 

PL  JUV  SA  AD  TOT 

N 

X  RANGE 

PL  JUV  SA  AD  TOT 

N 

X  RANGE 

PL  JUV  SA  AD  TOT 

N 

X  RANGE 

DAY 

51- 

100 

<1 

<1 

<1 

1 

10.0 

10 

301- 

350 

<1 

<1 

l 

23.0 

23 

60 1  - 

650 

2 

I 

3 

7 

21.9 

17-26 

1 

1 

2 

18.0 

16-20 

651- 

700 

1 

1  <1 

2 

* 

2 

<1 

2 

15 

19.5 

16-25 

<1 

<1 

* 

701- 

750 

1  <1 

1 

3 

r*-\ 

CO 

36-51 

1 

<1 

1 

ft 

<1 

<1 

1  29-0 

29 

751- 

800 

1  1 

2 

* 

1 

1 

2 

5 

25.8 

15-39 

<1 

<1 

I  29-0 

29 

8o  l  - 

850 

1  t 

2 

7 

37-6 

31-51 

<1 

<1 

ft 

851- 

900  - 

- 

-  - 

- 

<1 

<1 

1 

39.0 

39 

-  -  - 

- 

901- 

950  - 

- 

-  - 

- 

<1 

<1 

ft 

951- 

1000  - 

- 

-  - 

- 

-  -  - 

- 

1151- 

1200  - 

- 

-  - 

- 

1 

1 

1 

51.0 

51 

1501- 

1550 

<1 

<1 

1 

43.0 

<*3 

TOTALS 

3 

5  2 

10 

18 

1  5 

2 

1 

7 

25 

<1 

<1 

2 

N  1 GHT 

1- 

50 

<1 

<1 

1 

26.0 

26 

1 

1 

1 

33.0 

33 

45  3 

58 

96  17.5 

15-32 

51- 

100 

l 

1 

5 

37-2 

33-41 

1 

1 

2 

5 

37.1* 

31-39 

5  5  1 

10 

83  26.5 

16-39 

101  - 

150 

151- 

200 

<1 

<1 

2 

15.5 

13-16 

1  <1 

1 

7  23.7 

16-39 

20  1  - 

250 

<1 

<1 

1 

50.0 

50 

251- 

300 

<1 

<1 

ft 

<1 

<1 

1  22.0 

22 

301- 

350 

- 

- 

- 

35 1  - 

500 

40 1  - 

650 

451- 

500 

501- 

550 

551- 

600 

1 

1 

ft 

601- 

650 

- 

- 

- 

- 

1 

1 

1  16.0 

16 

651- 

700  - 

- 

-  - 

- 

- 

- 

- 

- 

701- 

750 

- 

- 

- 

- 

75 1  - 

800 

1 

1 

3  15.7 

15-  16 

80 1  - 

850 

1 

1 

* 

851- 

900 

- 

- 

- 

TOTALS 

1 

1  1 

1 

8 

2 

I 

3 

6 

55  8  1 

63 

191 

seasons.  Night  catches  in  both  winter  and  late  spring  were 
made  entirelv  above  daytime  deptlts.  In  late  summer  a  few 
specimens,  all  rerem  Iv  transformed  juveniles,  were  taken  ;tt 
or  near  davtime  depths  at  night.  However,  most  specimens 
of  that  si/e  were  taken  in  the  upper  50  m  (Table  106). 

Little  can  he  determined  concerning  the  chronology  of 
diel  vertical  migrations  in  late  spring  and  late  summer,  as 
no  specimens  were  taken  at  davtime  depths  at  or  near  either 
sunrise  or  sunset.  In  late  summer  nighttime  depths  were 
occupied  at  or  near  both  sunset  and  sunrise.  However, 
appreciable  numbers  were  not  taken  any  earlier  than  about 
1.5  hours  alter  sunset.  In  late  spring  a  few  specimens 
remained  in  the  upper  50  m  between  0.2-1. 2  hours  before 
sunrise. 

In  winter  a  few  specimens  were  caught  at  davtime  depths 
up  to  about  1 .5  hours  before  sunset.  A  single  specimen  was 
c  aught  at  101-1  50  m  about  an  hour  after  sunset,  giving  an 
upward  migration  time  of  2.5  hours  and  a  rate  of  about 
250  m/hour  between  601-650  in  and  101-150  m.  Night¬ 
time  depths  (40  m)  were  occupied  no  less  than  1.7  hours 
before  sunset,  and  davtime  depths  (750  m)  were  reached 
no  later  than  2.5  hours  after  sunrise,  resulting  in  a  maxi¬ 
mum  downward  migration  time  of  4.0  hours  and  a  rate  of 
about  1 90  m/hour. 

Patchiness. — The  only  indication  of  patchiness  at  any 
season  was  at  night  at  51-100  m  in  late  summer.  Positive 
discrete-depth  samples  from  that  stratum  were  in  three 
series  made  at  different  depths:  one  series  of  three  samples 
at  50-60  m,  one  of  two  samples  at  60-70  in,  and  one  of 
three  samples  at  90  in.  Samples  from  50-60  m  and  90  tn 
had  significant  CD  values  and  those  from  60-70  tn  did  not. 

The  only  other  significant  CD  was  for  a  series  of  three 
samples  taken  at  701-750  ttt  by  day  in  winter;  it  probably 
resulted  from  migrations.  The  earliest  samples,  made 
shortly  after  the  morning  crepuscular  period,  caught  three 
spec  imens,  and  the  later  two  caught  none. 

Nicht:Day  Catch  Ratios. — Night-to-day  catch  ratios, 
inc  luding  interpolated  values,  were  0.2:1  in  winter,  0.5:1  in 
late  spring,  and  78.2:1  in  late  summer  (Table  107).  Ratios 
for  the  developmental  stages  followed  the  overall  seasonal 
trends. 

These  ratios  may  have  been  due  to  failure  to  sample 
depths  where  the  species  was  concentrated  during  the  diel 


Tari.f.  107. — Seasonal  night  to  day  catch  ratios  of  Lepidophanes gaussi  (AD 
—  adult;  Jl  V  =  juvenile;  SAD  =  subadult;  TOT  =  total  of  all  stages;  *  = 
no  catch  during  one  or  Itoth  diel  periods). 


SEASON 

JUV 

SAD 

AD 

TOT 

WINTER 

0.2:1 

0.1:1 

0.2:  1 

0.2:  1 

LATE 

SPRING 

A 

CD 

O 

0.7;  1 

0.3=1 

LATE 

SUMMER 

A 

10.6; 1 

A 

78.2:1 

periods  when  catch  rates  were  smaller.  More  si/es  were 
taken  during  daytime  than  at  night  in  winter  and  late  spring, 
with  the  reverse  being  the  case  in  late  summer.  In  late 
spring  and  in  late  summer  most  of  the  day-night  dif  ferences 
in  abundance  were  due  to  fish  smaller  than  50  mm,  si/es 
that  probably  could  not  avoid  the  net  to  anv  great  extent, 
in  winter,  when  the  day  abundance  was  about  six  times 
larger  than  the  night  abundance,  most  of  the  difference  was 
due  to  specimens  larger  than  35  mm,  which  is  the  reverse 
of  w  hat  would  be  expected  if  net  avoidance  were  an  impor¬ 
tant  factor. 

Lepidophanes  guentheri 

'I  bis  moderately  large  species,  which  attains  78  mm  else¬ 
where  (Hulley,  1981),  grows  to  63  mm  in  the  study  area, 
but  very  few  specimens  were  larger  than  57  mm.  Like  its 
congener.  L.  gaussi,  this  species  is  restricted  to  the  Atlantic 
Ocean,  where  it  is  an  abundant  tropical  species  (Nafpaktitis 
et  al.,  1977).  According  to  Backus  et  al.  (1977)  L.  guentheri 
is  not  common  in  the  North  Atlantic  subtropical  region;  the 
Ocean  Acre  collections  substantiate  this.  The  species  is 
uncommon  in  the  study  area  and  never  was  included  among 
the  15  most  abundant  lanternfishes.  The  Ocean  Acre  col¬ 
lections  contain  365  specimens;  109  were  collected  during 
the  paired  seasonal  cruises,  74  of  these  in  discrete-depth 
samples,  of  which  56  were  caught  in  noncrepuscular  tows 
(  fable  23). 

Developmental  Stages, — Juveniles  were  16-40  mm, 
subadults  38-60  mm,  and  adults  53-58  mm.  Only  two 
adults  were  caught;  the  smaller  was  a  male  and  the  larger  a 
female.  Most  juveniles  smaller  than  25  mm  could  not  be 
sexed;  the  few  that  could  be  were  all  females.  All  juveniles 
larger  than  25  mm  could  be  sexed.  The  adult  female  had 
some  eggs  as  large  as  0.4  mm  but  most  were  0.2-0. 3  mm 
in  diameter.  None  of  the  other  females  examined  contained 
eggs  larger  than  0.1  mm.  No  sexual  dimorphism  in  size  or 
in  the  distribution  or  amount  of  luminous  tissue  was  appar¬ 
ent. 

Reproductive  Cycle  and  Seasonal  Abundance. — Lep¬ 
idophanes  guentheri  apparently  has  little  reproductive  success 
near  Bermuda,  with  only  a  very  small  portion  of  the  popu¬ 
lation  reaching  sexual  maturity.  Recruitment  of  fish  smaller 
than  20  mm  occurred  from  June  to  January  and  was  greatest 
in  January,  when  they  accounted  for  about  half  of  the 
abundance.  The  life  span  cannot  be  determined,  but  judg¬ 
ing  from  the  moderately  large  size  attained,  it  could  be 
more  than  one  year. 

Although  females  of  adult  size,  47  mm  or  larger  (Hulley, 
1981,  who  observed  one  as  small  as  41  mm),  were  taken 
throughout  the  year,  only  one  female  with  eggs  larger  than 
0.1  mm  in  diameter  was  observed.  The  presence  of  this 
individual  indicates  that  some  spawning  may  occur  in  the 
study  area,  but  the  prolonged  period  of  recruitment  of  fish 
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Tabu:  108. — -Seasonal  abundance  and  |X‘rcent  of  total  abundance  (in 
parentheses)  for  Lepiduphanes  guentheri  (AD  =  adult:  JUV  =  juvenile:  SAD 
=  subadult:  TO  I  =  total,  1'lte  figure  for  abundance  is  the  sum  of  the  catch 
rates  lor  all  aO-m  intervals,  with  interpolation  for  unsampled  intervals,  at 
the  diel  period  showing  the  greatest  total  abundance). 


SEASON 

JUV 

SAD 

AD 

TOT 

WINTER 

2. 9(60.  4) 

1.9(39-6) 

0 

k.8 

LATE 

SPRING 

l .0 (58.8) 

0.7  (b  1-2) 

0 

1-7 

LATE 

SUMMER 

1  - 7  (35. «•) 

3. 1  (6k. 6) 

0 

k.8 

Tarik  109. — Numbers  of 'each  sex  (breach  stage  of  Lrpidophanes  guentheri 
(AD  =  adult;  K  =  female;  JUV  =  juvenile:  M  =  male;  SAD  =  subadult; 
TOT  =  total  of  all  three  stages). 


SEASON 

JUV 

SAD 

AD 

TOT 

M 

F 

M 

F 

M 

F 

M 

F 

WINTER 

3 

1 

2 

5 

0 

0 

5 

6 

SPRING 

1 

1 

3 

5 

0 

0 

k 

6 

SUMMER 

9 

13 

20 

17 

1 

0 

30 

30 

Table  1 10. — Vertical  distribution  bv  50-m  intervals  of  Lepidophanes  guentheri  (AD  =  adult;  JUV  =  juvenile; 

N  =  number  of  specimens;  PI.  =  postlarva;  SA  =  subadult;  SL  =  standard  length  in  mm;  TOT  =  total;  X 
=  mean:  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 

WINTER  LATE  SPRING  LATE  SUMMER 


DEPTH 

(M) 

CATCH  RATE 

SL 

CATCH  RATE 

SL 

CATCH  RATE 

SL 

PL  JUV  SA  AD  TOT 

N 

X  RANGE 

PL  JUV  SA  AD  TOT 

N 

X  RANGE 

PL  JUV  SA  AD  TOT 

N 

X  RANGE 

DAY 

601- 

650 

651- 

700 

<1 

<1 

a 

- 

- 

- 

701- 

750 

<1 

<1 

1  43.0  43 

<1 

<1 

A 

751- 

Boo 

<1 

1 

1 

a 

<1 

<1 

2 

51.5  50-53 

<1 

<1 

1  35-0 

35 

8oi- 

850 

<1 

1 

1 

3  45.3  45-46 

<1 

<1 

A 

<1 

<1 

1  59-0 

59 

851- 

goo  - 

- 

-  - 

- 

<1 

<1 

A 

901- 

950  - 

- 

-  - 

- 

- 

-  - 

- 

<1 

<1 

1  54.0 

54 

95 1  - 

1000  - 

- 

-  - 

- 

<1 

<1 

A 

1001- 

1050 

- 

- 

TOTALS 

<1 

2 

2 

4 

<1 

<1 

2 

<1 

1 

1 

3 

NIGHT 

1- 

50 

<1 

<1 

1  20.0  20 

1 

1 

1 

34.0  34 

51- 

100 

<1 

<1 

1 

60.0  60 

2 

1 

3 

21  38.0 

20-56 

101- 

150 

2 

2 

5  56.8 

51-57 

151- 

200 

3 

3 

16  17.2  16-18 

20  1  - 

250 

251- 

300  - 

- 

-  - 

- 

301- 

350 

- 

- 

<1 

<1 

1  17.0 

17 

751- 

800 

<1 

<1 

1  56.0 

56 

TOTALS 

3 

3 

17 

1  <1 

1 

2 

2 

3 

5 

28 

smaller  than  20  mm  cannot  be  accounted  for  by  a  resident 
spawning  population. 

In  winter  juveniles  accounted  for  most  of  the  abundance, 
those  I  6-  I  8  mm  comprising  more  than  50  percent  of  the 
total  abundance  (Table  1  OK).  Otherwise,  only  subadults  43- 
52  mm  were  taken.  All  specimens  caught  in  winter  were 
cithei  smaller  than  SO  mn  or  larger  than  40  mm,  with  the 


smaller  group  being  caught  mostly  at  night  in  January  and 
the  larger  mostly  by  day  in  February.  This  bimodal  size 
frequency  distribution  was  not  evident  at  any  other  season. 

In  late  spring,  except  fora  16  mm  juvenile,  all  specimens 
were  34  mm  or  larger.  Abundance  was  low.  and  no  peaks 
were  evident  in  the  size  frequency  distribution. 

Most  sizes  contributed  to  the  increase  in  abundance  from 


late  spring  to  late  summer,  suggesting  that  recruitment  may 
involve  fish  of  all  ages  and  not  only  recently  spawned  ones. 

St  x  Ra  nos. — The  sexes  probably  were  equally  abundant 
at  all  seasons.  Females  and  males  were  caught  in  approxi¬ 
mately  equal  numbers  at  each  season,  with  female-to-male 
ratios  of  1.2:1  in  winter,  1.5:1  in  late  spring,  and  1:1  in  late 
summer.  Neither  these  ratios  or  those  for  individual  stages 
differed  significantly  from  equality  (Table  109). 

YtRUCAi  Dis  I'RiBt  riON. — Daytime  catches  were  very 
poor:  at  each  of  the  three  seasons  only  2-4  specimens  were 
t  aught.  Depth  ranges  obtained  from  these  catch  data  were 
701-850  m  in  winter.  751-800  m  in  late  spring,  and  751- 
950  m  in  late  summer  (  Table  1  10). 

F.xcept  in  late  spring,  when  only  two  specimens  were 
taught,  night  catches  were  much  better.  Depth  range  at 
night  in  winter  was  50  in  and  151-200  in  with  nearly  the 
entire  catch  made  at  the  latter  depth,  in  late  spring  50-100 
in.  and  in  late  summer  51-150  in,  301-350  m,  and  751- 
800  m  with  maximum  abundance  at  51-100  in  (Table  1  10). 

At  night  in  late  summer  juveniles  were  most  abundant  at 
51-100  m  and  subadults  at  101-150  m.  Juveniles  were  not 
taught  at  the  latter  depth.  In  terms  of  size,  the  catch  at  51- 


Tari.f  I  1  I. — Seasonal  right  to  tlav  catch  ratios  o t  Lepidophanes  gurntheri 
(At)  —  adult:  |l  V  =  juvenile;  SAD  =  subadult;  TOT  =  lolal  of  all  stages; 


5  =  no  (aid)  during  one  or  both  diel  |>eriods). 

SEASON  JUV  SAD 

AD 

TOT 

WINTER 

5.8:1 

A 

ft 

1 .2:  1 

LATE 

SPRING 

ft 

0.4:  1 

ft 

1  .U;  1 

LATE 

SUMMER 

5.7:1 

2.8:1 

ft 

3-4:1 

within  the  51-100  m  interval  caught  one  or  two  specimens. 
Most  of  the  variation  in  catch  size  at  90  m  was  due  to 
subadults:  juveniles  were  distributed  uniformly  and  appar¬ 
ently  tlid  not  have  a  patchy  distribution. 

Night: Day  Catch  Ratios. — Night-to-day  catch  ratios, 
including  interpolated  values,  were  1.2:1  in  winter,  1.4:1  in 
late  spring,  and  3.4:1  in  late  summer  (Table  111).  Diel 
differences  in  the  size  composition  of  the  catches  suggest 
that  most  of  the  differences  between  day  and  night  catches 
probably  were  the  result  of  sampling  deficiencies.  The 
daytime  catch  in  winter  was  43-46  mm  and  in  late  summer 


100  m  was  20-56  mm  with  a  mean  size  of  36.0  mm,  and 
that  101-150  m  was  51-57  mm  with  a  mean  of  54.8  mm 
(Table  1  10). 

An  even  finer  stratification  existed  at  51-100  m.  Only- 
juveniles  were  caught  above  90  m.  At  90  m  both  juveniles 
and  subadults  were  caught,  the  second  being  the  more 
abundant  stage.  All  specimens  captured  above  90  m  were 
smaller  than  30  mm.  and  the  size  range  at  90  m  was  26-56 
mm. 

Diel  vertical  migrations  occurred  at  each  of  the  three 
seasons.  Only  one  specimen,  a  56  mm  subadult  taken  at 
751-800  m  in  late  summer,  was  caught  at  daytime  depths 
at  night  (  Table  I  10). 

Tittle  information  concerning  the  chronology  of  daily 
vertical  migrations  is  available.  In  kite  summer,  depths 
intermediate  between  those  of  day  and  night  were  occupied 
In  about  1 .5  hours  before  sunset,  and  nighttime  depths 
were  reached  no  later  than  1 .5  hours  after  sunset.  In  both 
winter  and  late  summer  nocturnal  depths  were  still  occupied 
at  about  1 .0-1 .5  hours  before  sunrise. 

l’\ i  CHINtss.  —  Patchiness  was  indicated  at  night  at  151  — 
200  m  in  winter  and  51-1 00  ill  in  late  summer.  At  night  in 
winter  /..  guentheri  apparently  concentrates  at  or  near  175 
m.  Within  the  151-200  in  interval  only  two  of  six  samples 
were  positive  for  the  species;  both  were  made  at  175  m  and 
each  c  untamed  eight  specimens,  all  juveniles.  A  third  satnpie 
taken  at  175  m  immediately  after  the  two  positive  ones 
failed  to  catch  the  spec  ies.  However,  this  sample  was  taken 
near  the  morning  crepuscular  period,  and  migrations  may 
have  started  bv  that  time. 

In  late  sumim  most  of  the  variation  in  catch  rates  was 
from  samples  tak  m  at  90  m.  Samples  from  other  depths 


35-39  mm;  at  night  the  catches  were  16-20  mm  and  17- 
57  mm,  respectively.  These  differences  show  that  specimens 
taken  in  daytime  samples  from  both  seasons  and  night 
samples  in  winter  do  not  adequately  represent  the  popula¬ 
tion  present  at  those  times.  The  lack  of  specimens  smaller 
than  30  mm  in  day  samples  indicates  that  incomplete  depth 
coverage  may  have  been  at  least  partially  responsbile  for 
the  observed  inequities,  as  smaller  fish  were  not  likely  to  be 
more  capable  of  avoiding  the  nets  than  larger  fish.  The 
patchiness  noted  at  night  at  both  seasons  also  may  have 
contributed  to  the  diel  differences  in  abundances. 

Lobianchia  dofleitti 

This  medium-size  lanternfisb  is  known  to  grow  to  45-50 
mm  (Nafpaktitis  et  al.,  1977);  the  largest  specimen  in  the 
Ocean  Acre  collections  is  38  mm.  Lobianchia  dofleini,  a 
bipolar  teiiiperate-semisubtropical  species,  is  a  ranking  myc- 
topliid  in  the  North  Atlantic  subtropical  region  (Backus  et 
al.,  1977).  The  Ocean  Acre  collections  are  in  agreement 
with  this.  The  species  is  one  of  the  abundant  myctophids 
found  near  Bermuda,  and  was  among  the  I  5  most  abundant 
lanternfishes  at  each  of  the  three  seasons,  ranking  third  in 
late  spring  when  it  was  most  abundant  (Table  131).  It  is 
represented  in  the  Ocean  Acre  collections  by  3749  speci¬ 
mens;  964  were  caught  during  the  paired  seasonal  cruises, 
601  of  these  in  discrete-depth  samples,  of  which  413  were 
caught  in  noncrepuscular  tows  (Table  23).  The  biology  of 
/..  dofleini  in  the  study  area  has  been  discussed  elsewhere  by 
Karnella  and  Gibbs  (1977).  The  account  given  here  is 
similar  to  that  presented  by  those  authors  and  is  included 
for  the  sake  of  making  the  species  accounts  complete. 
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Developmental  Stacks. — Postlarvae  were  4-10  nun. 
juveniles  10-24  mm.  subadults  19-36  mm,  and  adults  24- 
34  min.  C.enerallv  onlv  the  largest  juveniles.  Hi  mm  and 
larger,  eon  Id  he  sexed.  Adult  females  contained  eggs  as 
lai  ge  as  0.6  nun.  but  mostly  0.2-0. 3  nun  in  diameter.  Sexual 
dimorphism  was  apparent  externally  at  18-21  mm,  with 
males  developing  suprai  andal  luminous  tissue  and  females 
infr.uaudal  luminous  tissue,  females  may  grow  larger  than 
males.  The  largest  female  was  36  mm,  the  largest  male  33 
mm  (two  38-mm  specimens  were  not  sexed);  nearly  64 
percent  of  the  sexed  fishes  larger  than  29  nun  were  females. 
Tanning  (1918)  and  Nafpaktitis  (1968)  reported  that  males 
have  noticeably  larger  eves  than  females. 

Reproductive  Cycle  and  Seasonal  Abundance. — 
The  species  has  a  one-year  life  cycle.  It  breeds  from  January 
(possibly  December)  to  June,  with  a  peak  of  spawning  inten¬ 
sity  in  winter.  It  was  most  abundant  in  late  spring,  inter¬ 
mediate  in  late  summer,  and  least  abundant  in  winter.  The 
catch  in  each  season  was  dominated  strongly  by  a  different 
developmental  stage;  juveniles  were  predominant  in  late 
spring,  subadults  in  late  summer  and  adults  in  winter.  In 
each  season  the  dominant  stage  accounted  for  about  80 
percent  of  the  total  catch  (Table  1  12). 

Although  adult-si/e  females  were  caught  throughout  the 
year,  only  in  winter  did  many  have  eggs  larger  than  0. 1  nun 
in  diameter.  Most  (13)  of  the  relatively  few  postlarvae  (19) 
t  aught  were  taken  from  February  to  May.  Small  juveniles 
10-13  mm  were  caught  from  February  to  September  and 
were  most  abundant  in  late  spring.  These  seasonal  distri¬ 
butions  indicate  a  winter  peak  in  spawning.  The  capture  of 
postlarvae  and  small  juveniles  (10-13  mm)  over  much  of 
the  year  suggest  a  long  spawning  season  for  L.  dojleini  in 
the  study  area. 

In  winter,  spawning  was  at  or  near  a  peak,  abundance 
was  lowest,  and  adults  comprised  nearly  80  percent  of  the 
abundance  (Table  1  12).  None  of  the  other  stages  accounted 
for  more  than  10  percent  of  the  abundance,  file  capture 
of  postlarvae  and  small  juveniles  in  low  abundance  shows 
that  a  minimum  of  spawning  occurred  over  the  fall.  Most 
of  the  specimens  caught  in  winter  were  larger  than  25  mm. 

In  late  spring  recruits  from  the  spawning  peak  were 

I  ABI  t  1  1  - — Seasonal  abundance  and  percent  of  total  abundance  (in 
parentheses)  for  l.oHanchia  doflemi  (Al)  —  adult;  |UV  =  juvenile;  PL  = 
jiosilarva;  SAD  =  subadult;  TOT  —  total.  The  figure  for  abundance  is  the 
sum  of  the  ralch  rates  for  all  50-tee  intervals,  with  interpolation  for  unsam¬ 
pled  intervals,  at  the  did  period  showing  the  greatest  total  abundance). 
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mostly  10-23  mm  juveniles.  These  individuals  made  up 
about  80  percent  of  the  total  abundance.  The  abundances 
of  adults  and  specimens  larger  than  25  mm  were  much 
lower  than  in  winter,  reflecting  postspawning  mortality. 
The  increase  in  the  abundance  of  subadults  from  winter  to 
late  spring  was  partially  due  to  growth  of  the  earliest 
spawned  individuals;  some  were  adult  size  and  probably 
were  spent  during  the  recent  spawn  and  would  die  soon. 

By  late  summer  there  was  little  additional  recruitment, 
as  indicated  by  the  low  abundance  of  all  individuals  smaller 
than  22  mm.  Continued  growth  and  development  in  the 
recruit  class  resulted  in  an  increase  in  the  abundance  of 
suhadults  and  a  decrease  in  the  abundance  of  juveniles 
(  Table  112).  Adult  abundance  remained  at  its  low.  late 
spring  level.  All  adults  were  males  ('Table  1  13),  indicating 
that  spawning  was  completed  by  early  to  midsummer. 

O'Day  and  Nafpaktitis  (1967)  and  Nafpaktitis  (1968) 
concluded  that  L.  dojleini  spawned  only  east  of  34°  and 
south  of  48°  in  the  North  Atlantic,  and  that  it  was  non¬ 
breeding  in  the  western  and  northern  Atlantic,  maintaining 
its  population  in  the  expatriate  region  by  periodic  recruit¬ 
ment  from  the  spawning  area  to  the  east.  These  authors 
found  neither  gravid  females  nor  juveniles  less  than  16  mm 
in  the  western  North  Atlantic  north  of  Cape  Hatteras. 
Histological  preparations  made  by  O'Day  and  Nafpaktitis 
(1967)  showed  that  female  L.  dojleini  in  the  western  North 
Atlantic  had  only  oogonia  and  oocytes  and  no  large  volk- 
ftlled  eggs  in  their  ovaries.  The  oocytes  appeared  to  be 
normal,  but  had  not  undergone  vitellogenesis.  It  was  noted 
that  males  in  the  expatriate  area  had  testes  that  contained 
mature  sperm. 

O’ Day  and  Nafpaktitis  (1967)  noted  the  presence  of  1 1- 
1  2  mm  juveniles  off  Cape  Hatteras  but  offered  no  expla¬ 
nation  for  this.  Presumably  those  small  specimens  were 
transported  from  the  spawning  area  via  prevailing  currents, 
a  crossing  that  O'Day  and  Nafpaktitis  hypothesized  would 
take  about  a  year,  i.e.,  the  total  life  span  of  most  specimens 
found  near  Bermuda.  Because  this  species  is  known  to 
transform  to  the  juvenile  stage  al  11-13  mm  (Taaning, 
1918),  the  proposed  system  of  recruitment  would  involve  a 
larval  stage  nearly  a  year  in  duration.  Furthermore,  as 
O’ Day  and  Nafpaktitis  (1967)  observed,  the  population 
density  of  L.  dojleini  in  the  expatriate  area  is  almost  as  large 
as  that  in  the  spawning  area.  This  implies  that  truly  astro¬ 
nomical  numbers  of  this  species  must  be  transported  from 
the  spawning  area  to  account  for  the  population  density  in 
the  western  North  Atlantic.  One  would  expect  the  popula¬ 
tion  density  in  the  spawning  area  to  be  much  greater  than, 
and  not  about  the  same  as,  that  in  the  expatriate  area. 

Finally,  O'Day  and  Nafpaktitis  (1967)  did  not  examine 
females  collected  at  all  times  of  the  year.  Most  of  their 
material  was  collected  from  June  through  October;  only 
one  female  was  taken  between  November  and  March.  The 
present  study  shows  (hat  Bermuda  has  a  breeding,  not 


NUMBER  452 


127 


expatriated.  population  that  spawns  primarily  in  winter.  If 
dofleini  found  in  slope  water  off  the  continental  United 
States  is  ,i  reproductive  population,  spawning  mainly  in 
winter,  it  is  (|uite  possible  that  O'Day  and  Nafpaktitis  found 
no  grav  id  females  because  winter  collections  were  not  avail¬ 
able. 

The  Ocean  Acre  collections  analyzed  here,  the  normal 
but  undeveloped  oocvtes  and  the  mature  sperm  present  in 
males  observed  by  O'Day  and  Nafpaktitis,  the  large  popu¬ 
lation  density  in  the  slope  water,  and  the  appearance  of  12 
mm  juveniles  off  Cape  Hatteras  all  speak  against  the  hy¬ 
pothesis  of  sterile  expatriation  and  indicate  that  L.  dofleini 
maintains  a  reproductive  population  in  the  western  North 
Atlantic. 

Sex  Ratios. — Males  and  females  probably  were  equally 
abundant  at  all  seasons.  They  were  taken  in  about  equal 
numbers  both  in  late  spring  and  late  summer,  and  more 
females  than  males  were  taken  in  winter  (1.3:1),  but  the 
latter  difference  was  not  significant  (Table  1  1  3).  Juvenile 
males  were  more  numerous  than  juvenile  females  in  late 
spring  and  late  summer.  Subadult  females  were  more  nu¬ 
merous  than  subadult  males  in  all  three  seasons.  Adult  males 
were  more  numerous  than  adult  females  in  late  spring  and 
late  summer,  and  less  numerous  than  adult  females  in 
winter,  when  adults  were  most  abundant.  The  only  signifi¬ 
cant  difference  from  equality  was  for  juveniles  in  late  sum¬ 
mer  (Table  1  1  3),  and  this  probably  reflects  sexual  dimorph¬ 
ism  in  rate  of  development  rather  than  a  fundamental 
dif  ferenc  e  in  the  numbers  of  each  sex. 

Vertical  Distribution. —  Diurnal  vertical  range  in  win¬ 
ter  was  1-50  m  and  351-750  m  with  maximum  abundance 
at  151-500  m.  in  late  spring  351-700  m  with  a  maximum 
.it  (10 1 -050  m.  and  in  late  summer  451-650  tn  with  a 
maximum  at  501-600  m.  Depth  range  at  night  in  winter 
was  51-200  m  (a  10  mm  specimen  was  taken  at  18-19  m) 
with  no  apparent  concentration  within  that  range,  in  late 
spring  50-200  m  with  a  maximum  abundance  at  50  m,  and 
in  late  summer  90-175  m  (a  16  mm  juvenile  was  caught  at 
33  m)  with  a  maximum  at  about  100  m  (Table  1  14). 

Stage  and  size  stratification  were  evident  at  each  of  the 
three  seasons  and.  except  for  size  stratification  by  day  in 

i  ARl >  1  13.  —  Nuniix’rv  of  eac  h  sex  for  eich  stage  of  Lobianchia  dofleini 
(At)  =  adult;  F  =  female:  JUV  =  juvenile:  M  =  male;  SAI)  =  subadult; 
'I  C)  I  =  total  of  all  three  stages;  asterisk  =  significant  differences  indicated 
In  ( dii-squarc  test  (|>  =  .03)). 
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late  spring,  were  apparent  both  day  and  night.  By  night  at 
all  seasons  juveniles  were  most  abundant  at  shallower  depths 
and  had  a  shallower  upper  depth  limit  than  adults.  In  terms 
of. size,  the  largest  fish  were  taken  only  at  the  lower  depth 
limit  at  all  seasons,  and  in  winter  and  late  summer  the 
smallest  individuals  were  taken  only  at  the  shallower  depth 
limit.  Nocturnal  stratification  was  indicated  by  the  increase 
in  mean  size  with  depth  (Table  1 14). 

By  dav  in  late  spring  juveniles  and  subadults  were  most 
abundant  at  601-650  in  and  had  similar  depth  ranges,  but 
juveniles  were  more  abundant  above  than  below  600  in, 
while  the  opposite  was  true  for  subadults.  Only  one  adult 
was  caught  during  the  day  at  this  season.  Small  (1  1-13  mm) 
and  large  (25-36  mm)  fish  were  caught  only  at  or  near  the 
lower  depth  limit,  while  those  of  intermediate  size  were 
taken  at  all  depths  within  the  vertical  range  (Table  1  14). 

In  late  summer  during  the  daytime  juveniles  were  most 
abundant  at  a  shallower  depth  than  subadults  and  adults, 
and  they  and  subadults  had  a  shallower  upper  depth  limit 
than  adults.  Small  juveniles  (1  1-13  mm)  were  caught  only 
near  the  lower  depth  limit,  and  there  was  a  slight  increase 
in  the  mean  size  with  depth  (Table  1  14). 

By  day  in  winter,  stratification  apparently  was  reversed. 
Adults  were  most  abundant  at  a  shallower  depth  and  had  a 
shallower  upper  depth  limit  than  the  tew  juveniles  and 
subadults,  and  juveniles  were  taken  only  below  the  deepest 
depth  at  which  advanced  stages  were  taken.  Kish  10-11  mm 
were  caught  only  below  500  m,  those  26-30  mm  were  all 
from  shallower  depths;  a  single  postlarva  was  caught  in  the 
upper  50  m  (Table  1 14). 

Die!  migrations  occurred  at  all  three  seasons  and  appar¬ 
ently  by  all  stages  and  sizes.  Only  one  fish,  a  probable 
contaminant  from  a  previous  tow,  was  caught  at  daytime 
depths  during  the  night.  Recently  metamorphosed  juveniles 
(10-1  1  mm)  were  taken  only  at  or  near  the  deepest  day 
depths  and  at  or  near  the  shallowest  night  depths  both  in 
winter  and  late  spring,  suggesting  that  they  may  undertake 
more  extensive  diel  migrations  than  older  fish  (Table  1  14). 

Evening  migrations  were  about  2.0  hours  in  duration  in 
late  spring  and  as  long  as  3.0  hours  in  winter  and  late 
summer.  (Almost  certainly  they  were  of  shorter  duration, 
because  the  population  at  the  latter  two  seasons  was  mostly 
made  up  of  larger  fish  than  in  late  spring).  Day  depths  still 
were  occupied  about  an  hour  before  sunset  in  late  spring 
(520  m),  about  2.5  hours  before  sunset  in  late  summer 
(~650  m),  and  about  2.0  hours  before  sunset  in  winter  (535 
m).  In  late  summer  a  single  individual  was  taken  at  between 
470  and  500  m  at  about  sunset.  Nocturnal  depths  were 
reached  within  an  hour  after  sunset  at  all  three  seasons. 
Based  on  these  times,  estimated  migration  rates  between 
dav  and  night  depths  of  maximum  abundance  are  about 
300  m/hour  in  late  spring,  about  140  m/hour  in  late  sum¬ 
mer,  and  about  1  20  m/hour  in  winter. 

The  duration  and  rate  of  morning  migrations  were  simi- 


128 


SMITHSONIAN  CONTRIBUTIONS  TO  ZOOLOGY 


Tari.k  1 14. — Vertical  distribution  by  50-m  intervals  of  Lobianckia  dofleim  (AD  =  adult;  JUV  =  juvenile;  \ 
=  numlxT  ol  specimens;  PL.  —  postlarva;  SA  =  subadult;  SL  =  standard  length  in  mm;  I  O  I  —  total;  X  = 
mean;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catcM 
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lar  to  evening  migrations  at  each  of  the  three  seasons. 
Descent  to  diurnal  depths  apparently  starts  about  the  time 
ol  sunrise,  as  specimens  were  caught  in  the  upper  200  m  at 
or  near  that  time  in  all  three  seasons.  Daytime  depths  were 
readied  about  2.0  hours  alter  sunrise  in  late  spring  (~475 
m)  and  about  3.0  hours  (perhaps  less)  after  sunrise  in  winter 
(—400  m  and  —750  in)  and  in  late  summer  (—575  m). 

Captures  were  made  at  several  intermediate  depths  at  or 
near  sunset  in  late  spring  and  late  summer,  and  at  or  near 
sunrise  in  late  spring,  suggesting  that  different  migration 
rates  or  times  or  both  may  exist  in  various  elements  of  the 
population. 

Patchiness. — Patchiness  at  night  was  indicated  at  50- 
100  m  in  late  spring  and  at  51-100  m  in  late  summer.  In 
late  spring  each  of  the  three  most  advanced  developmental 
stages  occurred  in  maximum  abundance  in  this  interval,  but 
probable  only  juveniles  had  a  patchy  distribution.  They 
accounted  for  more  than  95  percent  of  the  catch  at  50-56 
m  and.  hence,  were  responsible  for  the  observed  variation 
in  the  catch  from  that  depth.  Between  90  and  1 00  m,  w  here 
more  than  60  percent  of  the  catch  consisted  of  juveniles. 


two  samples  from  about  90  m,  containing  almost  exclusively 
juveniles,  suggested  clumping,  while  three  samples  at  100 
m.  containing  mostly  subadults,  did  not.  In  late  summer 
clumping  was  indicated  for  juveniles  and  subadults  at  51 
100  in.  Juveniles  were  most  abundant  at  this  depth,  but 
subadults  accounted  for  more  than  70  percent  of  the  catch 
from  that  depth  interval.  Subadults  were  most  abundant  at 
101-150  in,  but  showed  no  clumping. 

CD  values  were  significantly  greater  than  1.0  in  late 
summer  at  night  at  151-200  m  and  during  the  day  at  101  — 
150  m,  451-500  m  and  501-600  m,  and  during  the  day  in 
late  spring  at  551-700  m.  The  significant  CD  value  ob¬ 
tained  at  1 5 1  -200  m  at  night  in  late  summer  resulted  from 
a  series  of  three  negative  samples  taken  during  one  cruise 
being  tested  with  a  series  of  three  samples,  two  of  which 
were  positive,  from  the  other  cruise.  CD  values  calculated 
for  each  series  separately  were  not  significantly  greater  than 
1 .0.  Additionally  the  positive  samples  were  taken  near  the 
morning  crepuscular  period  and  may  have  caught  early 
migrants. 

The  CD  value  for  501-600  m  during  the  day  in  late 
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summer  b,ireh  was  signific;mt.  and  the  catches  suggest  a 
random  distribution.  At  -431  —300  in  only  one  sample  was 
positive,  suggesting  a  low  population  density  at  the  upper 
da\  depth  limit.  At  101-130  in.  a  depth  much  too  shallow 
to  he  within  the  diurnal  vertical  range,  only  one  sample 
taken  near  the  evening  crepuscular  period  was  positive, 
suggesting  that  the  catch  included  migrants.  By  day  in  late 
spring  at  331-700  m  the  distribution  may  be  patchy,  but 
more  likely  is  random,  similar  to  that  of  501— 600  m  by  day 
in  late  summer,  only  at  a  lower  population  density.  Patchi¬ 
ness  was  not  indicated  in  winter  for  any  stage  at  any  depth 
day  or  night. 

Nigh i-.Day  Catch  Ratios. — Night-to-day  catch  ratios 
for  discrete-depth  captures,  including  interpolated  values, 
yvere  0.3:1  In  winter.  4.2:1  in  late  spring  and  1.2:1  in  late 
summer  (  Table  1  1 .3). 

Seasonal  differences  in  clumping,  abundance,  vertical 
distribution,  discrete-depth  coverage,  and  stage  and  size 
composition  render  it  most  unlikely  that  any  one  factor  was 
the  principal  cause  of  the  observed  differences  in  diel  catch 
rates.  Adults  yvere  most  abundant  in  winter  and  accounted 
for  most  of  the  difference  between  night  and  day  catches  at 
that  season.  Juveniles  had  the  greatest  proportional  differ¬ 
ence  between  day  and  night  catches  but  they  comprised 
little  mote  than  10  percent  of  the  day  abundance  and  less 
than  3  percent  of  the  night  abundance.  Increased  net  avoid¬ 
ance  at  night  by  adults  may  have  been  responsible  for  the 
higher  daytime  catc  hes  in  winter. 

Apparently.  dofleini  feeds  at  night  or  during  migrations 
(Mcrrett  and  Roc,  1974),  and  increased  activity  associated 
with  feeding  may  result  in  enhanced  net  avoidance.  The 
two  largest  catches  of  /..  dofleini  in  winter  were  made  in 
discrete-depth  samples  taken  at  130  m  and  140  m  at  about 
dusk  and  dawn,  respectively.  Night  discrete-depth  samples 
were  taken  at  100  m  and  1  30  m  but  not  between,  suggesting 
the  depth  of  maximum  abundance  of  L.  dofleini  was  not 
sampled,  and  as  a  result  the  abundance  at  night  was  artifi¬ 
cially  low. 

Juveniles  were  responsible  for  most  of  the  difference 
betyveen  kite  spring  day  and  night  catches,  and  subadults 
for  most  of  that  in  late  summer.  Patchiness  was  greater  and 
the  vertical  range  more  compressed  at  night  than  during 
the  day  at  these  seasons.  These  differences  may  have  re¬ 
sulted  in  inc  teased  night  catc  hes. 

Tabu:  I  13. — Seasonal  night  to  dav  catch  ratios  of  Lobianchia  dofleini  (AD 
=  adult:  Jl  V  =  juvenile;  PI.  =  pnstlarva;  SAD  =  subadult;  TOT  =  total  of 
all  stages;  *  =  no  <atch  during  one  or  both  diel  periods). 


Lobianchia  gemellarii 

This  medium-size  myc  tophid  seldom  exceeds  33  mm  in 
the  study  area;  a  lew  grow  to  48  mm.  Two  specimens  nearly 
100  nun  yvere  caught.  Nafpaktitis  (1908)  noted  that  a  few 
individuals  found  in  the  slope  water  oil  New  England  and 
further  north  all  with  undeveloped  gonads  were  83-100 
mm.  and  Hulley  (1981)  commented  on  the  presence  of 
large,  sexually  undeveloped  specimens  north  of  40°  in  the 
eastern  Atlantic.  There  is  a  question  as  to  whether  these 
large-  specimens  are  expatriates  or  represent  a  separate- 
population,  for  they  have  high  gill-raker  counts.  A  tropical- 
subtropical  species  (Backus  et  al.,  1977),  L.  gemellarii  has  a 
more  or  less  complementary  distribution  to  that  of  its  con¬ 
gener  L.  dofleini  in  the  Atlantic,  but  when  both  are  found 
in  the  same  area,  one  will  be  much  more  abundant  than  the 
other  (Nafpaktitis  et  al.,  I  977).  This  species,  although  com¬ 
mon  in  the  study  area,  never  ranked  among  the  top  10 
lantern  fishes  in  abundance.  The  Ocean  Acre  collections 
contain  627  specimens;  222  were  caught  during  the  paired 
seasonal  c  ruises,  146  of  those  in  discrete-depth  samples  of 
which  I  12  were  in  noncrepuscular  tows. 

DKvri.oPMt.Ni  At.  Stages. — Postlarvae  were  6-12  mm, 
juveniles  1  1-38  mm,  and  subadults  29-98  mm.  The  sex  of 
only  a  few  ( —  1 2  percent  of  those  caught  during  the  paired 
seasonal  cruises)  specimens  could  be  determined;  even  those 
had  barely  recognizable  ovaries  or  testes.  Only  nine  speci¬ 
mens  exceeded  40  mm,  the  reported  size  at  sexual  maturity 
(O' Day  and  Nafpaktitis,  1967).  Most  specimens  lacked  lu¬ 
minous  tissue  on  the  caudal  peduncle,  a  secondary  sex 
charactet istic  of  L.  gemellarii  found  in  the  spawning  area 
(I2°-26°N)  of  the  Atlantic  Ocean  (O'Day  and  Nafpaktitis, 
1967). 

Reproductive  Cyci.e  and  Seasonal  Abundance. — Lo¬ 
bianchia  gemellarii  is  a  nonbreeding  resident  of  the  study 
area.  Abundance  was  greatest  in  winter  and  decreased  with 
the  progression  of  the  seasons  (  Table  1  16).  In  winter  and 
late  spring  juveniics  weie  predominant,  making  up  about 
79  and  92  percent,  respectively,  of  the  catch. 

1  he  paucity  ol  specimens  of  adult  size  (larger  than  40 
mm),  the  lack  of  ripe  females,  the  absence  of  luminous  tissue 
on  the  caudal  peduncle  of  most  specimens,  and  t  he  presence 

Table  116. — Seasonal  abundance  and  percent  of  total  abundance  (in 
parentheses)  for  Lobianchia  gemellarii  (AD  =  adult;  JLV  =  juvenile;  PL  = 
post  larva;  SAD  =  subadult;  TOT  =  total.  The  figure  for  abundance  is  the 
sum  ol  the  catch  rates  for  all  50-m  intervals,  with  interpolation  for  unsam¬ 
pled  intervals,  at  the  diel  period  showing  the  greatest  total  abundance). 
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ul  (lif  i wo  "giant"  specimens  shosving  very  little  sexual 
<le\elo|>ment  indie  ate  that  gemellarii  is  a  sterile  expatriate, 
whose  numbers  in  the  studs  area  must  he  periodically 
replenished,  presumahlv  Irom  the  spawning  area  to  the 
south. 

Recruitment  was  greatest  in  winter.  The  catch  at  that 
season  ((insisted  almost  entirely  of  specimens  20  mm  or 
smaller.  Juveniles  comprised  nearly  80  percent  of  the  catch 
m  w  inter.  Post  larvae  had  their  peak  abundance  at  this 
season,  accounting  for  about  17  percent  of  the  catch  (  Table 
1  Iti).  The  small  si/e  of  winter  specimens  indicates  that  the 
parent  population  was  at  a  peak  in  spawning  in  fall.  The 
relatively  high  abundance  in  winter  in  the  study  area  pre¬ 
sumably  reflects  a  peak  in  abundance  in  the  spawning  area. 

In  June  almost  all  fish  were  greater  than  20  mm;  none 
were  smaller  than  Ifi  nun.  Abundance  was  only  about  two- 
thirds  of  that  in  winter.  Specimens  taken  at  this  time  either 
were  w  inter  recruits  at  an  older  age  or  were  recent  recruits 
f  rom  the  parent  population,  or  both.  The  paucity  of  small 
spet  iinens  at  this  early  summer  season  indicates  that  most 
spawning  was  completed  bv  winter. 

By  late  summer  most  specimens  were  larger  titan  25  mm, 
although  a  lew  were  10-20  mm.  The  smaller  specimens 
may  reflect  a  smaller  spayvning  peak  for  the  parent  popula¬ 
tion  in  late  spring-early  summer  or  may  signal  the  advent 
of  a  new  spawning  season.  Abundance  was  quite  low  ,  being 
about  one-sixth  of  that  in  winter. 

The  relatively  low  abundance  at  each  season  probably 
resulted  from  very  few  recruits  reaching  the  study  area. 
Apparently  most  specimens  could  not  survive  long  under 
the  prevailing  londitions;  none  had  reached  sexual  matu¬ 
rity.  It  cannot  he  determined  if  the  "giant"  specimens  had 
suryivcd  in  the  study  area  for  any  length  of  time.  The 
“giants"  examined  In  Nafpaktitis  ( 1 968)  were  taken  in  slope 
water  off  southern  New  Kngland  or  further  north. 

Vkrticai.  Distribution. — Daytime  depth  range  in  win¬ 
ter  was  I  -50  m  and  151-650  m  with  maximum  abundance 
at  151-500  in.  m  late  spring  551-800  til  with  a  maximum 
at  601-650  m.  and  in  late  summer  451-600  m.  At  night 
the  vertical  range  in  winter  was  51-150  m  and  scattered 
sporadically  between  50!  in  and  600  tu  with  maximum 
abundance  at  51-100  m.  in  late  spring  51-500  m  with  a 
maximum  at  201-250  m.  and  in  late  summer  at  scattered 
intervals  between  51  in  and  450  m  widi  no  apparent  con- 
(  filtration  (  Table  I  I  7). 

Kxiepl  by  day  in  late  summer,  size  ratification  was 
fsident  das  and  night  at  each  of  the  tlirt  seasons.  During 
the  daytime  in  yvintcr  all  specimens  from  the  upper  50  in 
were  7-8  nun  post  larvae  and  those  from  greater  depths 
were  10-20  mm.  During  the  dav  in  late  spring  there  was 
an  iih  rease  in  maximum  si/e  with  depth  and  the  mean  si/e 
tended  to  increase  with  depth.  At  night  in  the  upper  550 
in  the  mean  si/e  at  51-100  in  was  noticeably  smaller  than 
at  otlict  50-ui  intervals.  The  largest  spet  iinens  were  taken 
only  between  251  in  and  550  m  (  Table  I  17). 


Post  larvae  seemed  .o  be  stratified  by  si/e;  those  from  the 
upper  150  in  were  7-8  mm  and  those  from  greater  depths 
10-12  mm.  As  with  other  species  of  mvetophids,  initial 
development  apparently  occurs  in  the  upper  layers  and,  at 
a  si/e  of  about  10  mill,  postlarvae  descend  to  about  500- 
600  in,  where  they  transform.  Postlarvae  probably  do  not 
undertake  vertical  migrations  of  any  great  extent,  but  there 
is  little  evidence  to  support  this. 

Diel  vertical  migrations  occurred  at  each  of  the  three 
seasons.  Only  two  specimens  were  caught  at  day  depths  at 
night,  one  postlarva  and  a  12  mill  juvenile;  this  suggests 
that  the  smallest  juveniles  were  not  regular  migrants. 

Tittle  could  be  determined  concerning  the  chronology  of 
vertical  migrations.  In  winter  and  late  spring  specimens 
were  caught  in  the  upper  250  in  during  the  evening  cre¬ 
puscular  period  and  in  the  upper  200  m  during  the  morning 
crepuscular  period.  Thus  at  least  some  specimens  begin 
upward  migrations  prior  to  about  1.0- 1.5  hours  before 
sunset,  and  some  do  not  commence  downward  migrations 
until  shortly  before  sunrise. 

Patchiness. — A  patchy  distribution  was  indicated  at 
451-500  in  during  the  day  and  at  95  in  during  the  night  in 
winter.  The  day  CD  was  based  upon  two  samples  at  different 
depths  within  the  451-500  ill  interval  and  probably  reflects 
different  population  densities  within  that  interval.  One  sam¬ 
ple  fished  at  451-470  m  had  a  catch  rate  of  2.0.  and  the 
other  fished  at  469-500  m  had  a  catch  rate  of  15.0. 

F.leven  samples  were  taken  at  51-100  ill  at  night,  three 
at  68  in.  three  at  95  in,  and  five  at  100  in.  Samples  from 
68  m  and  100  in  caught  either  one  specimen  or  no  speci¬ 
mens.  and  their  individual  (if)  values  were  not  significantly 
greater  than  1.0.  At  95  m  the  first  of  three  consecutive 
samples  had  a  much  lower  catch  rate  than  the  following 
two.  The  first  sample  was  taken  shortly  after  the  evening 
crepuscular  period,  when  fish  still  may  have  been  migrating 
up  to  their  nighttime  depths. 

Night: Day  Catch  Ratios. — Night-to-day  catch  ratios 
for  discrete-depth  captures  were  0.4:1  in  winter,  0.8.1  in 
late  spring,  and  4.2: 1  in  late  summer  (Table  1  1  8). 

Because  juveniles  smaller  than  20  mm  dominated  the 
winter  catch  both  day  and  night,  and  specimens  smaller 
than  50  mm  accounted  for  most  of  the  difference  in  day 
and  night  catches  in  late  spring,  it  is  unlikely  that  diel 
dif  ferenc  es  in  net  avoidance  had  much  if  any,  effect  on  the 
diel  differences  in  catch.  Apparently,  the  species  concen¬ 
trates  in  a  narrow  stratum  both  day  and  night.  Most  of  the 
catch  in  each  diel  period  came  from  a  single  depth  range, 
and  positive  samples  from  other  depths  contained  only  one 
or  two  fish.  The  observed  diel  differences  in  abundance, 
then,  probably  were1  clue  to  sampling  inequities. 

(latches  in  late  summer  were  poor  both  day  and  night. 
Most  specimens  captured  were  50  mm  and  larger,  sizes  that 
may  have  been  able  to  avoid  the  net.  Avoidance  by  day  was 
suggested  by  the  fact  that  only  two  fish  were  taken  in  all 
discrete-depth  diurnal  samples  combined,  despite  good  sain- 
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l  ABU-  1  17. — Vertical  distribution  bv  30-m  intervals  of  l.obtanchm  gemellaru  (AD  =  adult;  Jl  V  =  juvenile; 
\  =  munlxi  of  s|h*(  iinens;  Pl.  =  post  larva;  SA  =  subadult;  SI.  =  standard  length  in  mm;  TOT  =  total;  X 
~  mean;  blank,  spate  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  inters al  without 
intei |x>lated  catch:  asterisk  in  N  column  =  unsampled  interval  will)  interpolated  catch). 
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adult  1 1  mm.  External  sexual  dimorphism  is  obvious  soon 
alter  transformation;  males  develop  supraeaudal  luminous 
tissue  and  females  do  not.  The  adult  is  a  female  with  ova  .is 
large  as  0.3  mm  in  diameter.  Of  the  spec  imens  that  could 
bo  sexed.  13  were  males  and  10  were’  females. 

Reprodicitve  Cvct.K  and  Sf.asonai.  Abundance. — 
The  reproductive  status  and  life  span  of'/.,  rara  near  Ber¬ 
muda  are  uncertain.  Judging  from  the  numerical  domi¬ 
nance  of  post  larvae  (about  70  percent  of  the  total  number) 
and  the  presence  of  an  adult  female  in  the  Ocean  Acre 
collec  tions.  /..  rara  tnav  bean  uncommon  breeding  resident. 
I  lovever.  the  absence  of  this  species  in  collections  from  late 
November  through  Januarv,  and  of  specimens  31 — 40  mm 
at  all  times,  suggest  that  tow  individuals  sure  ive  long  enough 
tot  each  sexual  maturit  \ . 

A  prolonged  reproductive  season  for  the  parent  popula¬ 
tion  is  apparent  in  the  seasonal  distribution  of  postlarvae, 
wine  It  were  taken  f  rom  March  to  September,  and  a  summer 
peak  is  suggested  bv  the  late  summer  catch  when  40  were 
taken. 

Ykrticai.  Distribution. — Davtime  vertical  range  in 


winter  was  801-830  in,  in  late  spring  at  the  surface,  and 
late  summer  scattered  between  251  m  and  1  130  m.  Depth 
range  at  night  in  winter  was  101-150  m  and  301-350  m, 
in  late  spring  51-150  in,  and  in  late  summer  101-200  m 
and  05  I  - 1  000  m  with  a  slight  concentration  at  I  5  I  -200  m 
(Table  1  10). 

Myctophum  asperum 

I  bis  is  a  large  tropical  spec  ies  (to  77  mm:  Nafpaktitis  et 
al..  1077)  represented  in  the  collections  bv  a  53  mill  sub- 
adult  female  taken  with  the  Engel  ttawl  in  August. 

Myctophum  nitidulum 

This  large  mvetophid  grows  to  about  1 00  mm  (Nafpaktitis 
et  al..  1077):  the  largest  specimen  caught  during  the  pro¬ 
gram  was  80  mm.  Myctophum  nitidulum,  a  t topical-subtrop¬ 
ical  species  (Backus  et  al.,  1077)  is  common  but  not  abun¬ 
dant  in  the  study  area,  never  being  among  the  10  most 
abundant  lanternfishes  (‘Table  131).  It  is  represented  in  the 


Tahi.i  1  10. — Vertical  distribution  bv  ">0-m  intervals  of  Lowrina  rara  (AD  =  adult;  JUV  =  juvenile;  N  = 
number  of  spec  imens;  I’t.  =  postlarva;  SA  =  subaduli;  SL.  —  standard  length  in  mm;  TOT  =  total;  X  = 
mean;  blank  spate  it)  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 
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Ocean  An  t-  collections  bv  543  specimens:  229  wm  taken 
during  the  paired  seasonal  (  rnises,  ISO  of  these  in  discrete- 
deptlt  samples  ot  w  hit  It  1  63  were  c  aught  in  noncrepuscular 
tows  (Table  23).  Myctophum  mhdulum  was  not  well  sampled 
In  the  IkM  1;  approximately  9a  percent  of  all  specimens 
were  caught  .it  night  in  neuston  nets. 

Developmental  Siac.es. —  Post  larvae  were  9-16  mm, 
juveniles  I  1-42  mm,  subadults  44-69  mm.  and  adults  55- 
SO  mm.  Kish  less  than  27  mm  could  not  be  sexed;  most  of 
those  27-SI  mm  and  all  larger  ones  were  sexed.  Males 
larger  than  about  S3  mm  have  luminous  tissue  dorsallv  on 
the  c  audal  peduncle,  and  females  larger  than  about  45  mm 
have  luminous  tissue  ventrallv  on  the  caudal  peduncle 
(dibits,  1957).  There  is  no  apparent  sexual  dimorphism  in 
si/e  among  the  relatively  few  large  specimens  (over  40  nun) 
in  the  ( )c  can  Acre  collections.  Males  and  females  were  about 
equally  represented  among  the  67  specimens  examined  for 
sex  (S  I  vs  SS.  respectively). 

kH’kOlH  C  nvt  CYCLE  AND  SKASONAI.  ABUNDANCE. — 
Spawning  occurs  from  spring  to  fall,  with  a  peak  in  intensity 


i  a: 

in  late  spring-early  summer.  The  life  span  may  be  two  or 
three  years,  but  too  few  large  specimens  were  caught  to  In¬ 
sure.  Abundance  was  greatest  in  late  summer,  when  most 
specimens  were  smaller  than  20  mm,  and  progressively 
decreased  in  winter  and  late  spring  (Table  120). 

Although  juveniles  predominated  in  each  season,  those 
14-16  mm  were  taken  only  in  late  spring  and  late  summer. 
Those  smaller  than  20  mm  were  most  abundant  in  late 
summer.  The  seasonal  distributions  of  postlarvae  (Junc- 
October.  most  in  late  summer)  and  adult  females  (April- 
Septembe> )  combined  with  that  of  small  juveniles,  shows 
that  most  reproduction  takes  place  in  spring  and  summer. 

By  late  spring  spawning  had  begun,  and  the  catch  con¬ 
sisted  of  recently  spawned  post  larvae  8-14  mm  and  juve¬ 
niles  14-19  mm,  fish  28-44  mm  presumed  to  be  about  one 
year  old,  and  fish  larger  than  54  mm  about  two  or  more 
years  old.  Abundance  was  dominated  bv  specimens  17-18 
mm.  which  accounted  for  about  65  percent  of  the  nighttime 
catch.  Adults,  although  not  taken  in  abundance  at  any 
season,  were  most  abundant  in  late  spring. 


I  abi  r  120. — Vertical  distribution  bv  50-in  intervals  of  Mytophum  mlidulum  (AD  =  adult;  JUV  =  juvenile; 
N  =  number  ol  specimens;  PI.  =  posilarva:  SA  =  subadult;  SL.  =  standard  length  in  mm;  TOT  =  total;  X 
=  mean;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 
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I  AH!  t  I  2 1.  —  Number  of  specimens  per  hour  of  Myctophum  nitidulum  in  neuston  samples  made  approxi¬ 
mately  between  sunset  and  sunrise,  local  time  (dash  =  no  samples  made). 
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Ill  late  summer  recruits  15-19  mm  were  predominant, 
accounting  (dr  more  than  95  percent  of  the  abundance  at 
that  season.  All  specimens  caught  in  discrete-depth  samples 
were  1  5 — t? H  mm.  However,  several  specimens  larger  than 
tit)  mm  were  caught  with  the  Engel  trawl  at  that  season, 
showing  that  at  least  two  year  classes  were  present.  Abun¬ 
dance  was  greatest  at  this  season  (Table  120)  as  a  result  of 
the  spawning  peak  in  late  spring-early  summer. 

About  90  percent  of  the  catch  in  winter  was  due  to 
juveniles  21-30  mm.  Presumably  these  specimens  repre¬ 
sented  late  summer  recruits  but  at  an  older  age.  Larger  fish 
were  either  34-47  mm  or  60-77  mm.  These  larger  speci¬ 
mens  probablv  belonged  to  different  year  classes,  but  their 
abundance  was  too  low  to  be  certain.  The  60-77  mm 
specimens  were  at  least  a  year  older  than  the  21-30  mm 
fish.  The  age  of  the  34-47  mm  group  was  uncertain;  they 
mav  have  represented  the  earliest  fish  spawned  the  previous 
spring. 

Additional  evidence  for  a  late  spring-early  summer 
spawning  peak  is  seen  in  the  catch  in  September  when  more 
than  200  individuals,  mostly  less  than  30  mm,  were  taken 
in  neuston  samples. 

Vertical  Distribution. —  Idttle  is  known  about  the  day¬ 
time  depth  range  of  Af.  nitidulum.  The  five  specimens 
t  aught  in  discrete-depth  trawls  were  from  601-950  m,  with 
onlv  post  larvae  taken  below  850  m  (Table  120).  Clarke 
(1973)  reported  a  similar  diurnal  depth  range  for  Af.  niti¬ 
dulum  near  Hawaii.  Gibbs  el  al.  (1971)  reported  that  two 
1  I -mm  juveniles  were  caught  at  301-350  m,  during  the 
dav.  I  his  is  in  error;  the  fish  in  question  were  Af.  selenops 
and  not  A/,  nitidulum.  Fully  transformed  juveniles  of  Af. 
nitidulum  are  not  likely  to  be  as  small  as  1  1  mm,  as  trans¬ 
formation  occurs  at  about  14  mm  (Moser  and  Ahlstrom, 
1970;  II  S.  Zadoret/kv.  personal  communication),  the  size 
of  the  smallest  juveniles  in  the  Ocean  Acre  collections. 

At  night  most  specimens  were  caught  in  neuston  nets, 
and  a  few  were  taken  at  scattered  depths  down  to  950  m 
(Table  120). 

P.\  tTHlNKSS. — A  patchy  or  clumped  distribution  was 
noted  at  the  surface  bv  night  in  each  season.  Table  121 
gives  the  number  of  specimens  per  hour  taken  in  neuston 


samples  between  sunset  and  sunrise  and,  despite  averaging 
samples  made  within  one-hour  intervals,  shows  a  clumped 
distribution. 

Night: Day  Catch  Ratios. — Night-to-day  catch  ratios 
are  18.0:1  in  winter,  20.7:1  in  late  spring,  and  16.4:1  in 
late  summer.  The  small  day  catches  may  have  been  related 
to  vertical  distribution  rather  than  enhanced  net  avoidance, 
because  most  of  the  night  catch  (made  in  neuston  nets)  in 
each  season  consists  of  fish  smaller  than  30  mm  (Table  1 20). 
Presumably  fish  of  this  size  cannot  avoid  the  1KMT.  How¬ 
ever,  the  daytime  distribution  of  this  and  other  species  taken 
in  large  numbers  at  night  in  neuston  nets  remains  a  mystery. 

Myctophum  obtusirostre 

This  large  tropical  species  (to  85  mm;  Nafpaktitis  et  al.. 
1977)  is  represented  in  the  collections  by  two  males  41  and 
53  mm.  One  was  taken  at  night  in  a  neuston  sample,  the 
other  by  the  Engel  trawl  in  August.  Apparently  Af.  obtusi¬ 
rostre  appears  in  the  study  area  only  as  a  distributional  waif. 

Myctophum  punctatum 

This  is  a  large  myctophid,  known  to  grow  to  about  107 
mm  (Hulley,  1981).  All  specimens  of  this  “uncommon" 
lanternfish  taken  during  the  Ocean  Acre  program  were 
either  juveniles  1  7-23  mm  or  postlarvae  7-18  mm.  The  51 
specimens  were  taken  as  follows:  9  in  March,  14  in  April, 
27  in  June,  and  one  in  September.  Myctophum  punctatum  is 
a  subpolar-temperate  species  (Backus  et  al.,  1977),  and 
probably  is  found  near  Bermuda  only  as  a  distributional 
waif  from  its  center  of  abundance  to  the  north.  Zurbrigg 
and  Scott  ( 1 972)  concluded  that  Af.  punctatum  did  not  spawn 
in  the  northwest  Atlantic,  but  Jahn's(l  976)  report  of  several 
16-20  mm  juveniles  from  the  presumed  expatriate  area  of 
those  authors  suggests  that  additional  study  is  needed  to 
determine  the  reproductive  status  of  this  lanternfish  in  the 
northwestern  Atlantic. 

Vertical  Distribution. — Nearly  half  (24)  of  the  speci¬ 
mens  were  caught  in  neuston  nets  at  night.  One  specimen 
was  caught  at  50  m  at  night  and  another,  a  postlarva,  at  33 


m  dming  daytime  .  The  remaining  eight  discrete-depth 
captures  were  made  during  crepuscular  periods,  seven  at 
70 1  -800  m,  and  one  25 1  -500  m. 

Myctophum  selenops 

This  moderately  large  mvctophid  reaches  a  si/e  of  about 
72  mm  (Nafpaktitis  et  al.,  1977);  tlie  largest  specimen  in 
the  Ocean  Acre  collections  is  65  mm.  Myctophum  selenops  is 
an  uncommon  tropical-subtropical  species  (Backus  et  al., 
1977)  It  is  a  "rare"  species  in  the  study  area,  being  repre¬ 
sented  b\  only  25  specimens.  Eighteen  specimens  were 
caught  during  the  paired  seasonal  cruises,  10  of  these  in 
discrete-depth  samples  of  which  6  were  caught  in  noncre- 
puscular  tows  (  Table  25). 

Developmental  Stages. — Postlarvae  were  6-11  mm, 
juveniles  10-54  mm,  the  only  subadult  was  58  mm,  and  the 
two  adults  were  59  and  65  mm.  Sexual  dimorphism  was 
evident  in  the  si/e  and  number  of  luminous  scale-like  struc¬ 
tures  in  the  supracaudal  gland,  which  appears  in  males  at 
about  50  mm  and  females  at  about  55  mm  (Nafpaktitis  et 
al..  1977). 

Reproductive  Cycle  and  Seasonai.  Abundance. — 
The  reproductive  status  and  life  span  of  M.  selenops  in  the 
study  area  is  uncertain  .Judging  from  the  numerical  dom¬ 
inance  of  postlarvae  (7  specimens)  and,  particularly,  juve¬ 
niles  (15  specimens)  and  the  presence  of  an  adult  of  each 
sex  in  the  Ocean  Acre  collections,  M.  selenops  may  be  an 
uncommon  breeding  resident  of  the  study  area. 

Apparently  spawning  takes  place  in  spring  or  summer. 
Post  larvae  w  ere  taken  from  August  to  October,  and  all 
small  (less  than  20  mm)  juveniles,  and  both  adults  (59  and 
65  mm)  in  August  to  September.  The  catch  from  August 
to  Oc  tober  obviously  consists  of  two  different  year  classes 
and  indicates  that  the  species  lives  at  least  one  year  and 
perhaps  longer. 

Vertical  Distribution. —  Three  fish  caught  in  day  dis¬ 
crete-depth  samples  (in  winter  and  late  summer)  were  all 
taken  at  501-550  m.  One  specimen  was  caught  at  night  at 
100  m  in  late  spring.  One  fish  each  was  caught  at  501-550 
m  near  sunset  and  at  about  200  m  near  sunrise  in  late 
summer. 

Notolychnus  valdiviae 

'This  slender,  diminutive  lanternfish  grows  no  larger  than 
about  25  mm  (Paxton,  1972;  Clarke,  1975),  the  largest 
specimen  in  the  Ocean  Acre  collections  being  22  mm;  few 
exceed  20  mm.  A otolychnus  valdiviae,  one  of  the  dominant 
lanternfishes  of  the  North  Atlantic  subtropical  region 
( Nafpaktitis  et  al.,  1  977),  is  very  abundant  in  the  study  area 
and  was  one  of  the  six  most  abundant  myctophids  in  the 
area  at  each  of  the  three  seasons  sampled.  The  collections 
contain  5999  specimens;  2870  were  caught  during  the 


paired  seasonal  cruises,  1944  of  these  were  from  discrete- 
depth  samples  of  which  1670  were  in  noncrepuscular  tow  s. 

Developmental  Stages. — Postlarvae  were  4-10  mm. 
juveniles  8-17  mm,  subadults  15-22  mm,  and  adults  17- 
22  mm.  Most  juveniles  smaller  than  12  mm  could  not  be 
sexed;  nearly  all  of  those  greater  than  15  mm  were  sexed. 
Some  fish  (larger  than  18  mm)  categorized  as  subadults 
appeared  to  be  in  a  postspawning  condition.  Sexual  di¬ 
morphism  in  subadults  and  adults  is  manifested  externally 
in  several  ways:  males  have  a  larger  supracaudal  gland 
than  females  (Nafpaktitis  et  al.,  1977);  males  larger  than  16 
mm  have  noticeably  larger  eyes  than  females  of  the  same 
sizes;  females  average  1-2  mm  larger  for  each  of  the  three 
older  stages  and  attain  a  larger  maximum  size  than  males 
22  vs  21  mm;  of  the  54  sexed  fish  larger  than  20  mm,  51 
are  females. 

The  dimorphism  in  size  appears  to  be  reversed  for  juve¬ 
niles  in  late  summer,  when  males  averaged  0.4  mm  larger 
than  females.  However,  females  may  develop  faster  and,  as 
a  result,  be  recognized  at  a  smaller  size  than  males.  Badcock 
and  Merrett  (1976:45)  noted  that  in  the  eastern  North 
Atlantic  (50° N,  25 °W)  N.  valdiviae  was  sexually  dimorphic 
in  “eye  and  snout  characteristics"  and  that  females  grow 
larger  than  males. 

Reproductive  Cycle  and  Seasonal  Abundance. — No¬ 
tolychnus  valdiviae  appears  to  be  an  annual  species  that 
spawns  primarily  in  spring  and  probably  at  low  levels  at 
other  times.  Most  fish  live  about  one  year,  but  a  few  may 
survive  into  their  second  year.  Abundance  was  greatest  in 
late  summer,  when  juvenile  recruits  were  predominant, 
intermediate  in  winter,  and  lowest  in  late  spring  (Table 
122).  Subadults  and  adults  were  most  abundant  in  winter. 
The  low  abundance  in  late  spring  probably  was  due  to 
recruits  being  loo  small  to  be  adequately  sampled  by  the 
nets. 

Although  adult-size  females  were  caught  at  each  season, 
only  in  late  April  to  early  May  did  a  large  proportion  (over 
90  percent)  have  enlarged  ovaries  containing  eggs  mostly 
larger  than  0. 1  mm  in  diameter.  This  seasonal  distribution 
of  females  with  ripening  eggs,  together  with  the  great 
abundance  of  10-15  mm  juvenile  recruits  in  late  summer, 
indicates  that  N.  valdiviae  spawns  mostly  in  spring.  Postlar¬ 
vae,  although  only  19  specimens,  were  all  caught  from  July 
to  September,  further  indicating  a  spring  spawning  peak. 
Clarke  (1973)  noted  that  near  Hawaii  N.  valdiviae  has  a 
similar  cycle,  with  smaller  juveniles  (less  than  15  mm)  being 
most  numerous  in  September,  and  the  proportion  of  fe¬ 
males  with  developed  ova  being  greater  in  March  and  June 
than  in  September  and  December. 

Winter  collections  were  dominated  by  subadults,  with 
juveniles  and  adults  less  and  about  equally  abundant  (Table 
122).  Subadults  were  spawned  during  the  previous  spring 
spawning  peak,  appeared  as  the  large  juvenile  recruitment 
of  the  late  summer,  and  matured  and  spawned  during  the 
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Table  122. — Seasonal  abundance  and  percent  of  total  abundance  (in 
parentheses)  lot  Xololychnus  valdiviae  (AD  =  adult;  JUV  =  juvenile;  SAD 
=  subadult;  TOT  —  total.  The  figure  for  abundance  is  the  sum  of  the  catch 
rates  for  all  aO-m  intervals,  with  interpolation  for  unsampled  intervals,  at 
the  diel  period  showing  the  greatest  total  abundance). 


Table  123. — Numbers  of  each  sex  for  each  stage  of  Xololychnus  valdiviae 
(AD  =  adult;  F  =  female;  JUV  =  juvenile;  M  =  male;  SAD  =  subadull; 
TOT  =  total  of  all  three  stages;  significant  differences  indicated  by  Chi- 
scpiare  test  shown  bv  a  single  asterisk  (p  =  .05)  or  two  asterisks  (p  —  .01)). 
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Table  124. — Vertical  distribution  by  50-tti  intervals  of  Xololychnus  valdiviae  (AD  =  adult;  JUV  =  juvenile; 
N  —  number  of  specimens;  Pl.  =  postlarva:  SA  =  subadull;  SL  =  standard  length  in  mm;  TOT  =  total;  X 
=  mean;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 


35'-  400 
1*0  I  -  1*50 

k5i-  500 
501-  550 
551-  6  ’0 
6oi-  650 
651-  700 
701-  750 
751-  800 
801-  850 


6  8  6 
13  16  12 
2  2 
8  6 
7  5  I 


<1  2  I 

I  I  <1 

31  i*a  30 


41 

87 

16.8 

12-21 

<1 

6 

6 

12 

37 

18.2 

13-21 

<1 

<1 

1 

1 1 .0 

1 1 

4 

4 

17.5 

17-18 

<1 

4 

4 

8 

* 

32  4 

4 

40 

163 

13.3 

10-21 

14 

38 

18.7 

17-21 

3 

1 

4 

12 

19.4 

19-20 

34  4 

4 

42 

174 

12.8 

10-21 

13 

47 

16.9 

14-21 

2 

2 

7 

19.1 

18-20 

2 

2 

4 

12 

19.0 

17-20 

9 

ft 

1 

l 

6 

19.2 

18-21 

1 

1 

2 

ft 

3 

9 

17-9 

16-20 

- 

- 

- 

- 

<1 

<1 

l 

14.0 

14 

3 

* 

2 

6 

17.5 

16-19 

- 

- 

- 

- 

109 

191 

<1 

16 

17 

33 

63 

66  11 

1 1 

88 

351 

1- 

50 

<1 

<1 

3 

13.7 

11-16 

1 

2 

3 

4 

16.5 

n-19 

1 1 1 

4 

115 

232 

12.1 

10-18  !) 

51- 

100 

6 

12 

7 

25 

218 

17.4 

11-21 

<1 

12 

8 

20 

96 

19.2 

12-22 

34 

3 

4 

41 

336 

13-9 

9-21 

101- 

150 

<1 

2 

<1 

2 

12 

17.6 

16-19 

<1 

<1 

I 

1 

4 

17.1 

15-18 

2 

<1 

<1 

2 

8 

14.6 

11-2!  N 

•  5i- 

200 

1 

4 

1 

6 

39 

17.7 

13-21 

2 

2 

3 

19.0 

19 

1 

1 

2 

10 

14.7 

10-20  Dl 

20 1  - 

250 

<1 

<1 

<1 

3 

17.0 

15-19 

<1 

l 

1 

3 

18.3 

16-20 

2 

1 

1 

4 

27 

16.0 

9-20  If 

251- 

300 

<1 

<1 

<1 

<1 

* 

<1 

<1 

2 

2 

7 

18.4 

17-20  71 

301- 

350 

1 

1 

1 

3 

3 

18.3 

17-20 

- 

- 

- 

- 

1 

1 

5 

17.6 

17-18 

35 1  - 

400 

1 

1 

2 

19.O 

19 

1 

1 

2 

3 

18.3 

17-20 

40 1  - 

450 

I  an  Ezm  s? 

45  1  - 

500 

2 

1 

3 

9 

17.8 

16-19 

Hr 

50  l  - 

550 

1 

1 

2 

18.5 

18-19 

Kj 

55  t  - 

600 

<1 

2 

l 

3 

10 

17.3 

15-19 

- 

- 

- 

- 

*1 

60  1  - 

650 

- 

- 

- 

- 

HI 

65 1  - 

700 

<1 

1 

1 

2 

ft 

- 

- 

- 

- 

1 

1 

1 

10.0 

10  ^ 

701- 

750 

1 

2 

2 

5 

12 

18.4 

16-21 

- 

- 

- 

- 

A 

75  l  - 

800 

1 

1 

2 

6 

19.2 

18-20 

1 

1 

1 

10.0 

10 

<1 

<1 

1 

1  1  .0 

1 1  A 

801- 

850 

- 

_ 

_ 

851- 

900 

1 

1 

1 

1  1 .0 

1  1 

- 

- 

- 

- 

<1 

-  1 

l 

14.0 

1 4  KJ 

90 1  - 

950 

<1 

1 

1 

ft 

- 

- 

- 

- 

<1 

<1 

1 

19.0 

19  W 

95 1  - 

1000 

1 

1 

I 

19.0 

19 

1001- 

1050 

1 

1 

1 

20.0 

20 

“ 

- 

- 

- 

- 

- 

- 

- 

h 

TOTALS 

10 

30 

17 

57 

322 

2 

16 

10 

28 

1 1 1 

151 

9 

10 

170  632 

1 

subsequent  spring.  Most  winter  adults  wore  spawned  late  in 
(lie  previous  winter  or  earlv  spring,  appeared  as  juveniles 
just  approac  liing  catchable  si/e  in  late  spring,  and  were  the 
larger  juveniles  and  smaller  suhadults  of  the  late  summer 
population. 

Bv  late  spring  the  peak  of  spawning  was  past,  and  the 
adults  and  most  suhadults  of  the  winter  population  had 
matured,  spawned,  and  died.  This  mortality  was  reflected 
in  the  decreased  abundance  of  adults  and  suhadults  (Table 
122)  and  of  all  individuals  16-20  mm.  The  combined  catch 
ol  suhadults  and  adults  in  late  spring,  which  was  about  one- 
third  ol  the  w  inter  catch  of  all  stages,  suggests  that  bv  late 
spring  about  two-thirds  of  the  winter  population  had  died. 
Suhadults  and  adults  accounted  for  93  percent  of  the  late 
spring  catch  and  were  about  equally  abundant  (  Table  122). 
However,  mam  females  categorized  as  subadults  were 
judged  to  be  spent  adults  with  reduced,  somewhat  flaccid 
ovaries.  Presumable  postlarvae  from  the  spring  spawn  were 
present  in  great  abundance  and  dominated  the  population, 
but  were  not  vet  large  enough  to  be  sampled  adequately  bv 
the  nets. 

In  late  summer  juvenile  recruits  10-15  mm  accounted 
for  more  than  86  percent  of  the  catch.  Adults  were  spawned 
about  one  year  earlier,  appeared  as  juveniles  in  winter,  as 
suhadults  in  late  spring,  and  soon  would  spawn  and  die, 
marking  the  end  of  the  previous  winter  population.  Adult 
mortality  resulted  in  the  decreased  abundance  of  subadults 
and  adults,  and  of  all  specimens  larger  than  17  mm  from 
late  spring  to  late  summer. 

Further  confirmation  of  a  one-year  life  cvcle  is  in  the 
seasonal  progression  of  size  dominance  (1 1-13  mm  in  late 
summer,  I  6- 1 9  mm  in  winter,  and  1  8-20  mm  in  late  spring) 
and  in  the  lack  of  an  annular  ring  on  the  otoliths  of  two  22- 
mm  females  caught  in  winter  and  late  spring.  Otoliths  were 
not  routinely  sampled,  these  being  the  only  two  from  indi¬ 
viduals  of  maximum  size. 

Ska  Ratios. — Unbiased  sex  ratios  could  not  be  deter¬ 
mined  for  anv  developmental  stage  during  any  season  for 
two  reasons:  females  generally  could  be  recognized  at  a 
smaller  size  than  males,  and  spent  adults,  especially  females, 
may  have  been  categorized  as  subadults.  The  total  number 
of  females  was  significantly  greater  than  that  of  males  at 
eac  h  season:  juveniles  accounted  f or  most  of  the  difference 
in  late  summer,  and  suhadults  for  most  of  the  difference  in 
winter  and  late  spring  (  Table  1  23). 

Females  were  significantly  more  numerous  than  males 
for  the  following  stages:  juveniles  in  late  summer  and  win¬ 
ter.  suhadults  in  winter  and  late  spring,  and  adults  in  late 
summer.  Males  were  significantly  more  numerous  than 
females  for  adults  in  winter  and  subadults  in  late  summer 
(  I  able  I  23).  ( Considering  only  subadults  and  adults,  females 
still  were  more  numerous  than  males,  but  the  ratios  were 
neat  Iv  equal  at  anv  season.  Because  neither  sex  was  consist¬ 
ently  more  numerous  than  the  other  for  either  of  the  two 


oldest  stages,  the  observed  differences  in  the  numbers  of 
males  and  females  for  suhadults  and  adults  probably  were 
clue  to  the  criteria  used  to  allocate  individuals  to  stages 
rather  than  actual  differences  in  the  numbers  of  each  sex. 

The  female  to  male  ratio  for  juveniles  in  late  summer 
which  is  slightly  less  than  2: 1 ,  was  due  largely  to  fish  9- 1  2 
mm.  However,  less  than  half  of  the  fish  within  that  size 
range  could  be  sexed.  The  predominance  of  females  may¬ 
be  clue  to  their  developing  faster  and,  as  a  result,  being 
recognized  at  a  smaller  size  than  males.  Males  and  females 
have  been  taken  in  about  equal  numbers  off  Hawaii  (Clarke, 
1973)  and  in  the  eastern  North  Atlantic  at  3()°N,  25°W 
(Badcock  and  Merrett,  197b). 

Vf.rticai.  Distribution. — Daytime  depth  range  in  win¬ 
ter  was  451-850  hi  (possibly  shallower)  with  maximum 
abundance  at  451-500  m.  in  late  spring  400-700  m  with  a 
maximum  at  451-500  m,  and  in  late  summer  451-750  m 
with  a  maximum  at  501-600  m.  Vertical  range  at  night  in 
winter  was  30-1050  m  with  maximum  abundance  at  51- 
100  in,  in  late  spring  50-250  m  (one  specimen  also  was 
caught  at  751-800  m)  with  a  maximum  at  51-100  in,  and 
in  late  summer  33-400  m  and  scattered  between  651  and 
950  in,  with  a  maximum  at  33-50  in  (Table  124). 

During  daytime  six  specimens  caught  shallower  than  400 
in  during  the  three  seasonal  cruise  pairs  combined  were 
taken  near  the  evening  crepuscular  period  and  may  have 
been  migrants.  Two  of  the  specimens  were  suspected  con¬ 
taminants  and  may  have  been  taken  during  a  previous  tow. 
Day  depths  for  N.  valdiviae  near  Hawaii  (Clarke,  1973)  and 
in  tile  eastern  North  Atlantic  (Badcock  and  Merrett,  1976) 
were  deeper  than  400  in. 

Stage  and  size  stratification  were  evident  day  and  night 
at  all  three  seasons,  except  for  stage  stratification  by  day  in 
winter.  During  the  day  in  late  spring  and  late  summer  the 
two  older  stages  had  greater  depth  ranges  than  juveniles, 
which  were  caught  only  in  the  shallower  portion  of  the 
vertical  range.  In  late  spring  only  adults  were  taken  deeper 
than  600  m  (Table  124).  During  the  day  in  each  season, 
smaller  fishes  were  caught  mostly  at  or  near  the  upper 
dc-ptli  limit,  and  larger  ones  were  found  over  most  or  all  of 
the  vertical  range.  In  winter  most  (87  percent)  fish  smaller 
than  16  mm  were  caught  at  451-500  til,  in  late  spring  all 
those  smaller  than  18  mm  at  451-500  m,  and  in  late 
summer  all  but  one  smaller  than  17  mm  at  451-600  in 
(Table  124). 

Adults  were -not  taken  in  the  upper  50  in  at  night  at  any 
season,  whereas  juveniles  were  taken  at  that  depth  at  all 
three  seasons.  Suhadults  were  taken  in  the  upper  50  in  in 
late  spring  and  late  summer.  Migrant  subadults  and  adults 
were  caught  over  a  greater  depth  range  than  migrant  ju¬ 
veniles  at  each  of  the  three  seasons,  and  the  latter  did  not 
occur  as  deep  as  the  former. 

Stage  stratification  was  most  pronounced  at  night  in  late 
summer,  when  juveniles  accounted  for  more  than  95  per- 
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tent  of  ilie  catch  from  the  upper  50  in.  a  decreasing  per¬ 
centage  ol  the  catch  from  each  deeper  50-m  interval  to  300 
in.  and  none  from  301 — 400  m  (  Table  12-1).  A  smaller  scale 
stratification  existed  in  the  upper  100  m  in  late  summer. 
An  upper,  predominantly  juvenile,  layer  at  33-60  m  appar¬ 
ently  was  isolated  from  the  remainder  of  the  population. 
No  adults  and  very  few  subadults  were  caught  in  that  layer. 
No  specimens  were  taken  at  60-70  m.  There  were  no 
samples  taken  between  70  and  90  m.  The  deeper  layer  was 
.>.*mpicd  ut  O0  -92  m,  vhc’v  on!\  71 2  percer"  of  tin  individ¬ 
uals  were  juveniles.  In  late  summer  both  a  seasonal  ther- 
moeline  and  halot  line  were  developed  at  about  25-75  in, 
and  dissolved  oxygen  content  at  those  depths  was  greater 
than  at  shallower  and  deeper  waters  (Morris  and  Schroeder, 
1973).  Perhaps  these  relatively  large  changes  between  25 
and  7.3  m  inhibited  subadults  and  adults  from  migrating  up 
to  shallower  waters. 

Diel  vertical  migrations  occurred  at  all  three  seasons,  but 
not  all  of  the  population  migrated  regularly.  Nonmigrants 
were  most  abundant  in  winter,  when  nearly  32  percent  of 
the  night  catch  was  from  day  depths.  Less  than  3  percent 
of  the  night  catch  in  late  spring  and  late  summer  came  from 
day  depths.  Nonmigrants  were  predominantly  subadults 
and  adults  in  winter  and  juveniles  at  the  other  two  seasons 
(Table  1  24).  Nonmigratory  behavior  of  adults  and  subadults 
in  winter  may  be  associated  with  the  approaching  spring 
spawn.  Nonmigrants  also  are  known  to  occur  in  the  eastern 
North  Atlantic  (Badcock  and  Merrett,  1976)  and  near  Ha¬ 
waii  (Clarke,  1973).  Nonmigrants  were  abundant  in  winter 
but  not  in  late  spring  near  both  Bermuda  and  Hawaii. 
However,  in  late  summer  about  70  percent  of  the  popula¬ 
tion  near  Hawaii  remained  at  daytime  depths  at  night 
(Clarke,  1 973).  in  contrast  to  about  3  percent  near  Bermuda 
(  Table  124).  Partial  migrants  and  nonmigrants  were  found 
in  the  eastern  North  Atlantic  at  30°N,  23°Win  late  March- 
early  April  (Badcock  and  Merrett,  1976),  but  not  off  Fuer- 
teventura  (Canary  Is.)  in  October-November  (Badcock, 
1970).  Partial  migrants  and  nonmigrants  found  in  both 
Atlantic  localities  were  mostly  subadults  and  adults.  Near 
Hawaii  they  consisted  of  a  higher  proportion  of  larger  fish 
than  migrants  in  late  summer  but  not  in  winter.  The  pro¬ 
portion  of  ripe  or  nearly  ripe  females  in  the  partial-migrant 
and  nonmigrant  element  was  not  noticeably  different  from 
the  migrant  fraction  of  the  population  at  any  of  the  three 
localities. 

F.vening  migrations  apparently  begin  between  1.5  and 
2.5  hours  before  sunset  in  winter  and  late  spring  and 
between  2.2  and  3  hours  before  sunset  in  late  summer. 
Because  night  depths  were  reached  no  later  than  1.5-2. 5 
hours  after  sunset  at  each  of  the  three  seasons,  upward 
migration  times  were  about  4  hours  in  winter  and  late  spring 
and  4.5  hours  in  late  summer.  These  estimates  of  migration 
times  indicate  upward  migration  between  day  and  night 
depths  ol  maximum  abundance  averaging  about  100  ni/ 


hour  in  w  inter  (500  to  100  m)  and  late  spring  (500  to  100 
m),  and  about  1  15  m/hour  in  late  summer  (550  to  30  m). 

Morning  migrations  apparently  begin  within  about  1.5 
hours  before  sunrise  at  each  season.  Because  in  late  summer 
fish  were  caught  in  the  upper  100  m  possibly  as  late  as  0.3 
hours  before  sunrise  or  later  and  none  were  caught  in  the 
upper  50  m  within  1.3  hours  of  sunrise,  the  starting  time 
of  migrations  may  depend  upon  depth.  Day  depths  were 
reached  no  later  than  2.5  hours  after  sunset  in  winter  (650 
and  750  m)  and  late  spring  (600  in),  and  by  3.5  hours  a  Lei 
sunset  in  late  summer  (580  m),  possibly  an  hour  or  more 
earlier.  Assuming  a  starting  time  of  1 .5  hours  before  sunset 
in  each  season,  total  downward  migration  times  probably 
were  not  greater  than  3.5  hours  in  winter  and  late  spring 
and  4.5  hours  in  late  summer.  These  estimates  of  migration 
times  indicate  that  the  average  rate  of  descent  from  the 
depth  of  maximum  abundance  at  night  to  that  during 
daytime  is  about  1 15  m/hour  at  all  three  seasons,  which  is 
similar  to  the  upward  migrations. 

Patchiness. — Patchiness  by  day  was  indicated  in  winter 
tit  45  I  -500  m  and  60 1  -650  m,  and  in  late  summer  at  50 1  - 
600  m.  Juveniles,  subadults,  and  adults  were  all  taken  in 
greatest  abundance  at  451-500  m  in  winter  and  at  501- 
600  m  in  late  summer.  In  winter  the  catch  of  each  stage  at 
451-500  m  was  similar,  with  subadults  slightly  more  abun¬ 
dant  than  the  other  two  stages,  suggesting  that  each  of  the 
three  stages  had  a  patchy  distribution.  Because  there  were 
only  two  samples,  each  from  different  depths  (456-469  m 
and  469-504  m),  these  conclusions  must  be  accepted  with 
reservation.  The  catch  at  501-600  m  in  late  summer  was 
dominated  by  juveniles  (over  79  percent),  for  which  the 
variation  in  catch  rates  was  much  greater  than  for  either 
subadults  or  adults.  This  suggests  that  only  juveniles  had  a 
clumped  distribution. 

Patchiness  at  night  was  indicated  at  51-100  m  at  each  of 
the  three  seasons;  subadults  accounted  for  most  of  the  catch 
at  this  depth  in  winter  and  late  spring,  and  juveniles  were 
dominant  in  late  summer  (Table  124).  Juveniles,  subadults, 
and  adults  were  most  abundant  at  that  depth  in  winter, 
subadults  and  adults  in  late  spring,  and  adults  in  late  sum¬ 
mer. 

Other  significant  CD  values  were  thought  to  be  due  to 
factors  other  than  a  patchy  distribution.  The  CD  values  for 
day  samples  in  winter  at  801-850  m  and  in  late  spring  at 
45 1  -500  in  were  significant.  Only  6  specimens  were  caught 
at  801-850  in  during  daytime  in  winter,  and  all  but  one 
were  from  a  single  sample.  Such  a  small  catch  and  barely 
significant  CD  (3.5)  suggests  that  significant  clumping  was 
unlikely.  Three  samples  were  taken  at  451-500  m  in  late 
spring,  two  of  which  caught  no  fish.  The  CD  value  probably 
reflects  year  to  year  variation  in  abundance  or  vertical 
distribution  rather  than  patchiness. 

Night  samples  taken  in  winter  at  151-200  m  and  451  — 
500  m  and  in  late  summer  in  the  upper  50  m,  151-200  m, 


Notoscopelus  caudispinosus 


120 1  -250  in.  and  30 1  -350  in  also  had  significant  CD  values. 
Differences  in  the  catches  in  samples  at  151-200  in  and 
451-500  m  in  winter  and  151-200  in  in  late  summer 
probably  were  due  to  changes  in  population  density  that 
were  related  to  migratory  movements.  In  each  case  the 
.significant  CD  value  resulted  from  a  single  sample  taken 
near  dawn  that  had  a  much  larger  catch  than  the  remaining 
samples  from  the  particular  depth.  The  significant  CD 
values  for  samples  at  201-250  in  and  301-350  m  in  late 
suiuiiu.1  apparently  vuit  u«c  to  year  to  war  variation  in 
population  density.  Samples  at  both  50-m  intervals  were 
taken  in  two  different  years;  CD  values  calculated  for  each 
year  separately  at  both  depths  were  not  significant. 

Two  samples  from  the  upper  50  m  in  late  summer  leave 
doubt  as  to  whether  the  variation  was  due  to  upward  mi¬ 
grations  or  to  patchiness.  There  was  a  series  of  three  one- 
hour  samples  starting  at  0.5  hours  after  sunset  taken  at  33 
m  that  caught  I,  7b,  and  15b  specimens,  respectively.  The 
difference  in  catch  between  the  first  and  second  samples 
probably  was  due  to  migratory  movement,  because  the  first 
sample  was  taken  during  twilight  and  was  not  considered  in 
the  analysis.  The  difference  between  the  second  and  third 
samples,  although  probably  due  to  migration,  may  reflect 
patchiness. 

Night: Day  Catch  Ratios. — Night-to-day  catch  ratios 
inc  luding  interpolated  values  were  0.5:1  in  winter  0.8:1  in 
late  spring,  and  1.9:1  in  late  summer  (Table  125).  The 
greater  night  depth  range  at  each  season  (Table  124)  may 
explain  in  part  the  catch  ratios  obtained  for  winter  and  late 
spring.  In  late  summer  the  catch  at  night  from  the  upper 
50  m.  which  accounted  for  b7  percent  of  the  total  catch  at 
night,  was  greater  than  the  entire  day  catch.  However,  the 
value  given  for  the  upper  50  m  at  night,  is  based  on  two 
samples  and  may  not  be  representative  of  the  entire  50  m, 
as  both  samples  were  made  at  33  m.  Although  no  samples 
were  taken  between  the  surface  and  33  m,  the  catch  from 
oblique  samples  and  from  samples  taken  near  sunset  sug¬ 
gests  that  A',  valdiviae  does  not  inhabit  depths  shallower 
than  .SO  m.  I  his  indicates  that  abundance  at  33  ttt  was  much 
greater  than  at  shallower  depths.  There  are  no  reliable 
catch  data  for  34-50  m  at  night. 


Tabic  125. — Seasonal  night  to  day  catch  ratios  of  Notolychnus  valdiviae 
(All  =  adult:  Jl'V  =  juvenile:  SAI)  =  subadult;  TOT  =  total  of  all  stages). 
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This  large  lanternfish  is  known  to  reach  a  size  of  about 
140  mm  (Nafpaktitis,  1975);  the  largest  in  the  Ocean  Acre 
collections  is  1 30  nun.  Notoscopelus  caudispinosus,  an  uncom¬ 
mon  species,  is  questionably  distributed  according  to  the 
tropical-subtropical  pattern  in  the  Atlantic  (Backus  et  al., 
1977)  and  apparently  is  most  abundant  in  the  northern 
Sargasso  Sea  and  the  adjacent  slope  water  (Nafpaktitis  et 
>1..  1977)  The  spe<  u  s  !.>  unc  ommon  in  the  study  area, 
never  being  among  the  20  most  abundant  myctophids.  It  is 
represented  in  the  Ocean  Acre  collections  by  344  speci¬ 
mens;  1  1  4  were  caught  during  the  paired  seasonal  cruises, 
90  of  these  in  discrete-depth  samples,  of  which  64  were  in 
noncrepuscular  tows  (Table  23). 

Developmental  Stages.— Postlarvae  were  7-16  mm. 
juveniles  16-55  mm,  subadults  54-130  mm,  and  adults 
101-121  mm.  There  were  only  two  adults;  the  larger,  a 
female,  was  caught  in  November  and  appeared  to  be  ripe 
or  nearly  so  and  the  smaller,  a  male,  was  caught  in  July. 
Juveniles  could  not  be  sexed.  Males  larger  than  about  65 
nini  had  a  supracaudal  luminous  gland  (Nafpaktitis,  1975). 

Reproductive  Cycle  and  Seasonal  Abundance. — 
'This  species  may  be  a  spawning  resident  of  the  Ocean  Acre 
area,  but  there  are  not  enough  data  to  be  certain.  The 
parent  population  spawns  in  fall  and  winter,  probably  with 
the  greatest  intensity  in  fall.  Although  the  life  span  cannot 
be  determined  from  the  limited  number  of  specimens, 
particularly  of  larger  ones,  N.  caudispinosus  probably  lives 
at  least  two  years,  perhaps  longer.  Abundance  was  greatest 
in  winter  and  decreased  with  the  progression  of  the  year 
(Table  126). 

Postlarvae  and  small  juveniles  (16-20  mm)  both  show  a 
restricted  seasonal  distribution,  postlarvae  being  taken  from 
November  to  February  and  juveniles  less  than  20  mm  from 
December  to  March.  These  distributions,  together  with  the 
capture  of  the  gravid  female  in  November,  indicate  that 
spawning  occurred  in  fall  and  winter  near  Bermuda. 

In  late  summer  the  catch  (from  all  collections)  consisted 
only  of  specimens  larger  than  55  mm,  sizes  that  probably 
easily  avoid  the  IKMT.  Together,  the  large  size  of  the 
specimens  and  the  expected  low  abundance  resulted  in  the 
very  small  catch  from  discrete-depth  samples. 

Specimens  caught  in  late  summer  with  the  Engel  trawl 
fell  into  two  size  classes,  one  55-84  mm  with  a  peak  at 
about  64-70  mm,  the  other  greater  than  100  mm.  Fish 
belonging  to  the  smaller  size  group  probably  were  ap¬ 
proaching  one  year  old,  and  those  in  the  larger  size  group 
were  two  or  more  years  old. 

In  winter,  w  hen  abundance  was  at  its  maximum,  juveniles 
16  to  54  nun  accounted  for  nearly  the  entire  catch.  Appar¬ 
ently  even  the  largest  juveniles  were  from  the  recent  spawn, 
for  all  of  the  fish  caught  in  late  summer  were  larger  than 
54  tutu. 
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'I' able  126. — Vertical  distribution  by  50-m  intervals  of  Notoscopelus  caudispinosus  (AO  =  adult;  JUV  — 
juvenile;  N  —  number  of’ specimens;  PL  =  pus; larva:  SA  =  subadult;  SL  =  standard  length  in  mm;  TOT  = 
total;  \  =  mean;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 
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In  winter,  juveniles  smaller  than  25  mm  were  taken  from 
January  to  March  and  large  juveniles  (35-54  mm)  only  in 
February  and  March,  indicating  that  spawning  may  occur 
into  January.  Assuming  that  the  largest  juveniles  in  winter 
were  spawned  earliest,  they  were  about  4-5  months  old 
when  caught. 

Vertical  Distribution. — Daytime  depth  range  in  win¬ 
ter  was  1)01-850  m  and  probably  deeper,  with  no  apparent 
concentration,  and  in  iate  spring  (based  upon  two  speci¬ 
mens)  051-1000  in  and  1101-1150  m.  Nocturnal  depth 
range  in  winter  was  20-100  m  and  451-500  in,  with  max¬ 
imum  abundance  at  51-100  m,  and  in  late  spring  and  late 
summer  51-100  m  (  Table  126). 

Notoscopelus  resplendens 

This  species  is  moderately  large  in  size,  growing  to  about 
05  mm  in  length  (1  lulley,  1981).  The  Ocean  Acre  specimens 
range  from  5  mm  to  73  mm,  most  being  20-40  mm. 
Notoscopelus  resplendens  was  tentatively  assigned  a  tropical- 
subtropical  distribution  pattern  by  Backus  et  al.  (1977). 
This  species  is  common  in  the  study  area,  ranking  among 


the  20  most  abundant  myctophids  only  in  late  spring,  but 
even  then  its  total  abundance  was  low.  The  Ocean  Acre 
collections  contain  458  specimens;  133  were  caught  during 
the  paired  seasonal  cruises,  96  of  these  in  discrete-depth 
samples,  of  which  53  were  caught  in  noncrepuscular  tows 
(  fable  23). 

Devei.opmf.ntai.  Stages.— Post  larvae  were  5-22  mm, 
juveniles  21-77  mm,  subadults  40-73  mm.  and  adults  63- 
70  mm.  All  adults  were  males  taken  with  the  Engel  trawl. 
About  two-thirds  of  the  juveniles  examined  (all  sizes)  could 
not  be  sexed.  Most  juveniles  that  were  sexed  were  females, 
reflecting  a  sexual  dimorphism  in  size.  Males  larger  than  38 
mm  have  luminous  tissue  on  the  dorsal  aspect  of  the  caudal 
peduncle  (Nafpaktitis,  1975). 

Reproductive  Cycle  and  Seasonal  Abundance. — No¬ 
toscopelus  resplendens  may  be  a  breeding  resident  of  the 
study  area.  Spawning  occurred  in  the  parent  population 
from  winter  to  about  spring,  with  a  peak  in  intensity  in 
winter-early  spring.  The  life  span  may  be  two  years.  Abun¬ 
dance  was,  by  far,  greatest  in  late  spring,  when  juveniles 
21-31  mm  were  predominant.  It  decreased  to  very  low' 
levels  in  late  summer  and  winter  (  fable  127). 


Table  127. — Vertical  distribution  by  50-m  intervals  of  Sotoscopetus  resplendens  (AD  =  adult;  JUV  = 
juvenile;  N  =  number  of  specimens;  PL  =  postlarva;  SA  =  subadult;  SL  =  standard  length  in  mm;  TOT  = 
total;  X  =  mean;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 
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Although  no  adult  females  were  taken,  the  presence  of 
numerous  post  larvae  (188  specimens)  indicates  that  spawn¬ 
ing  probably  occurred  near  the  study  area.  Nafpaktitis  et 
al.  (1977)  similarly  noted  the  absence  of  gravid  females 
among  230  specimens  (20-77  mm)  examined. 

Post  larvae  were  caught  from  winter  to  late  spring,  ap¬ 
pearing  in  greatest  numbers  in  April,  when  more  than  100 
were  (aught.  Postlarvae  taken  in  January-March  were 
mostly  less  than  10  mm  and  those  in  April  mostly  bigger 
than  12  mm.  This  suggests  that  spawning  began  prior  to 
January  and  reached  a  peak  in  late  February-early  March. 

In  winter  the  entire  catch  consisted  of  two  post  larvae  and 
a  68  mm  subadtift  female.  The  low  abundance  at  this  season 
prnhahh  was  due  to  most  recruits  being  too  small  to  be 
retained  bv  the  IKM  l  and  to  most  older  fish  being  big 
enough  to  avoid  the  net  easily.  Presumably  even  recruits 
were  not  very  abundant  at  this  season. 

Bv  late  spring  spaw  ning  was  mostly  over  and  most  of  the 


catch  consisted  of  juveniles  from  the  winter  spawning  peak. 
As  a  result  of  this  recruitment,  abundance  was  at  its  maxi¬ 
mum.  Only  one  fish,  a  67  mm  subadult  female,  was  greater 
than  37  mm.  Again  the  paucity  of  large  fish  probably  was 
due  to  their  ability  to  avoid  the  IKMT. 

The  sharp  decrease  in  abundance  from  late  spring  to  late 
summer  is  perplexing.  Only  four  specimens  30-67  mm  were 
taken  in  all  late  summer  samples  with  the  IKMT.  Engel 
trawl  collections,  however,  contained  63  specimens,  which 
can  be  divided  into  two  size  groups:  a  smaller  size  group, 
26-46  mm,  with  a  peak  at  about  31-33  mm,  that  presum¬ 
ably  represents  young  of  the  year;  and  a  larger  size  group, 
mostly  06—73  mm,  at  least  a  year  older  than  the  former 
group.  About  75  percent  of  the  specimens  caught  with  the 
Engel  trawl  belonged  to  the  smaller  group.  The  biggest 
catches  made  with  the  Engel  trawl  were  front  the  upper 
100  m  and  upper  50  m,  at  night,  depths  that  were  well 
sampled  by  the  IKMT. 
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It  is  possible  that  the  low  abundances  in  winter  and  late 
summer  wer  e  the  result  of  A',  resplendens  not  being  able  to 
survive  long  in  the  studs  area. 

Vertical  Distribution. —  Davtime  vertical  range  fol¬ 
iate  spring  and  late  summer  combined  was  51-1 00  m,  55 1  - 
I  150  m.  and  1501-1550  m.  Nighttime  depth  range  for  all 
three  seasons  combined  was  about  50-200  in  (one  postlava 
was  taken  at  751-800  m).  In  late  spring  maximum  abun¬ 
dance  was  at  5 1  - 1 00  m  (  Table  127). 

I  he  catches  m  the  Kngel  collections  referred  to  above 
suggest  that  A.  resplend-ns  mas  be  stratified  bv  si/e.  Speci¬ 
mens  caught  in  the  0-50  in  sample  were  27-57  nun  and 
those  in  the  0-100  in  samples  57-75  nun. 

As  Gibbs  et  al.  (1971)  noted,  postlarvae  are  found  in  the 
upper  100  m  and  apparently  do  not  migrate.  Transforma¬ 
tion  occ  urs  at  20-25  nun,  after  which  the  species  inhabits 
progressively  greater  depths  as  <t  grows. 


Symbolophorus  rufinus 


This  uncommon  lanternfish  appears  to  be  distributed 
according  to  the  tropical-subtropical  or  the  tropical-semi- 
subt topic  al  pattern  (Bac  kus  et  al.,  1977).  It  is  a  large  species 
glowing  to  about  94  mm  (Hulley,  1981);  the  largest  in  the 
Ocean  Acre  collections  is  89  nun.  Symbolophorus  rufinus  is 


uncommon  in  the  study  area,  being  represented  in  the 
Ocean  Acre  collections  bv  55  specimens;  1  7  of  these  were 
caught  during  the  paired  seasonal  cruises,  of  which  15  were 
in  none  rt-pust  ular.  discrete-depth  tows  (Table  25). 

Developmental  Stages. — Post  larvae  were  11-19  mm, 
juveniles  20-49  mm.  a  subadult  female  was  70  nun,  and 
female  adults  were  82-89  nun.  Juveniles  smaller  than  36 
nun  could  not  be  sexed.  Of  the  53  specimens  taken,  40 
were  juveniles  and  9  were  postlarvae. 

Reproductive  Cycle  ano  Seasonal  Abundance. — 
Symbolophorus  rufinus  may  be  an  uncommon  breeding  resi¬ 
dent  of  the  study  area,  as  only  postlarvae,  small  juveniles, 
and  three  adult  females  were  caught.  However,  there  are 
too  few  specimens  to  be  certain  of  the  reproductive  status 
of  the  species  in  the  area. 

The  parent  population  appears  to  spawn  during  much  of 
the  year;  specimens  20-25  mm  were  caught  in  January, 
March.  April,  June,  and  August-September.  All  three  fe¬ 
male  adults  were  taken  with  the  Engel  trawl  in  late  summer. 
Judging  from  the  relatively  large  size  attained,  the  life  span 
probably  is  more  than  one  year. 

Vertical  Distribution. — Two  juveniles  were  taken  by 
dav  at  751-850  m  in  late  summer.  At  night  fish  were  taken 
only  in  neuston  samples  in  winter  (one  juvenile)  and  late 
spring  (four  juveniles).  In  late  summer  none  were  taken  at 


I  Atii.t  I  AS.  —Vertical  distribution  by  50-nt  intervals  ot  Symbolophorus  rufinus  (AD  =  adult;  JUV  =  juvenile: 
N  =  number  ol  specimens;  PL  =  postlai  v.r;  SA  =  subadult;  SL  =  standard  length  in  mm;  TOT  =  total;  X 
=  mean;  blank  space  in  column  =  iv>  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 
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the  surface.  and  catches  were  scattered  between  the  upper 
30  in  and  900  m;  tour  postlarvae  were  caught  in  the  upper 
130  in.  and  two  juveniles  were  taken  between  131  in  and 
900  m  t Table  1  28). 


Symbolophorus  veranyi 


This  large  temperate  species  (Bac  kus  et  al.,  1977), which 
attains  at  least  120  mm  (\afnaktitis  et  ah.  1977),  is  repre¬ 
sented  in  die  Ocean  Acre  collections  by  six  juveniles  21-29 
nun  and  In  a  12  mill  postlarva.  One  juvenile  was  taken  in 
late  spring,  live  juveniles  in  winter,  and  the  postlarva  in 
Jtilv.  Apparent Iv  the  stuck  area  is  inhabited  only  by  distri¬ 
butional  waifs  front  the  North  Atlantic  temperate  region 
that  cannot  survive  long  under  the  prevailing  conditions. 

The  winter  spec  imens  were  all  caught  at  night:  two  at  the 
surface,  one  at  about  20  in,  one  at  about  173  m,  and  one 
at  about  <800  tn. 


Taaningichthys  bathyphilus 


This  is  a  large  mvetophid,  growing  to  about  80  mm  (Davy, 
972).  Hie  largest  specimen  taken  during  the  program  was 


()H  nun.  Taaningichthys  bathyphilus  does  not  conform  well  to 
am  of  the  distribution  patterns  described  bv  Backus  et  ah 
( 1 977).  Most  capture  records  are  f  rom  tropical  and  subtrop¬ 
ical  wateis  (Daw,  1972;  Nafpaktitis  et  ah,  1977).  This 
species  is  uncommon  in  the  Ocean  Acre  area.  The  collec¬ 
tions  contain  04  specimens;  20  were  caught  during  the 
paired  seasonal  cruises,  of  which  1  7  were  in  discrete-depth 
samples,  I  3  of  these  in  noncrepuscular  tows. 

Developmental  Stages. — Juveniles  were  17-30  nun, 
subadults  31-08  nun,  and  adults  48-00  nnn.  Except  for  a 
28  mm  male,  juveniles  could  not  be  sexech  Females  may 
grow  to  a  larger  si/e  than  males;  all  12  specimens  larger 
than  38  nun  were  females.  No  other  external  sexual  di¬ 
morphism  is  apparent.  Adult  females  contain  ova  as  large 
as  0.4  nun  in  diameter,  but  most  eggs  were  about  0.2  mm. 

Reproductive  Cyci.e  and  Seasonal  Abundance. — 
This  species  mav  be  an  uncommon  breeding  resident  of  the 
stuck  area.  There  are  too  few  specimens  to  determine  the 
life  span.  Spawning  seems  to  be  confined  to  spring  and 
summer,  as  small  juveniles  and  adults  were  caught  only  at 
those  seasons. 

The  catch  in  late  spring  consisted  of  1 8-20  mm  juveniles, 
which  presumably  were  recently  spawned  (all  were  caught 


Taro  l‘J',1. — V  ertical  distribution  by  50-tti  intervals  of  Taaningichthys  bathyphilus  (AD  =  adult;  JUV  = 
juvenile;  N  =  number  of  specimens;  PL  =  postlarva;  SA  =  subadult;  SL  =  standard  length  in  mm;  TOT  = 
total.  X  =  mean;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 
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in  oblique  samples).  subadults  3 1  -33  mm  and  adults  32-bf> 
mm.  I  his  indicates  the  presence  of  two  or  more  ago  classes. 
It  is  virtually  certain  that  the  juveniles  and  adults  were  at 
least  a  vear  apart  in  age;  the  subadults  mav  or  mav  not 
represent  an  additional  vear  (  lass, 

Bv  late  summer  addition.il  spawning  had  occurred.  Knur 
ol  the  seven  fish  caught  In  the  lk.\( T  were  17-21  mm  (the 
smallest  two  are  from  obli<|ue  samples);  the  remaining  three 
iuie  adults  33  -ah  mm  SI..  Intermediate  sizes  were  sampled 
hv  the  F.ngel  trawl,  which  took  fish  3.3-bb  mm. 

Seven  fish  were  taken  in  winter;  two  juveniles  2B-30  mm. 
and  live  subadults  41-(>8  mm.  The  two  smaller  fish  were 
approaching  one  vear  of  age  and  the  huger  fish  at  least  two 
vears  of  age. 

Ykk  noAi.  Dts  i  ribi  HON. —  This  species  was  found  below 
800  m  dav  and  night.  Diurnal  depth  range  for  all  seasons 
combined  was  801-1  350  m,  with  one  fish  in  each  season 
taken  deeper  than  1230  m.  Depth  of  maximum  abundance 
could  not  be  determined  from  dav  samples.  Depth  range  at 


night  in  winter  was  801-000  m  (possibly  deeper)  and  in  late 
summer  001-1000  in.  No  discrete-depth  captures  were 
made  at  night  in  late  spring  (  Table  120). 

Taaningichthys  hatliyphilus  was  considered  to  be  a  batliv- 
pclagic  species  by  Nalpaktitis  el  al.  (1077).  The  above  cau  h 
data  show  that  the  species  inhabits  depths  within  the  meso- 
pelagial  near  Bermuda. 

Taaningichthys  minimus 

This  moderately  large  lanternlish  grows  to  about  03  mm 
(Daw.  1072);  the  largest  in  the  Ocean  Acre  collections  was 
33  mm.  Backus  et  al.  (1077)  suggested  that  T.  minimus  was 
an  uncommon  bipolar  subtropical  species.  Clarke  (1073) 
noted  that  it  was  one  of  several  mvetophids  found  in  central 
or  equatorial-central  waters  of  the  Pacific,  but  not  in  abun¬ 
dance  anvvvhere.  This  species  is  uncommon  in  the  study 
area.  The  Ocean  Acre  collections  contain  184  specimens; 
47  were  caught  during  the  paired  seasonal  cruises,  34  of 


I  abi.k  1  SO. — Vertical  distribution  bv  50-ni  intervals  of  Taaningichthys  minimus  (AD  =  adult;  JUV  =  juvenile; 
N  =  iHimhtT  of  sjjecimens;  PL  =  postlarva;  SA  =  subadult;  SI,  —  standard  length  in  in  in;  TOT  =  total;  X 
=  mean;  blank  space  in  column  —  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  —  unsampled  interval  with  interpolated  catch). 
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(lu  st-  ill  disc  rete-depth  samples,  of  whic  h  22  were  caught  in 
noncrepnscular  lows, 

Dt  vei  OI’MKN  l  At  Stac.es. — Post  larvae  were  7-lfi  mm, 
juveniles  18-33  mm.  subadults  34-50  mm.  and  adults  47- 
55  mm.  Juveniles  greater  tfian  23  mm  could  be  sexed; 
smaller  ones  could  not.  The  smallest  females  with  ripening 
eggs  were  about  45  mm,  lint  none  appeared  to  lie  fully  ripe. 
Daw  (1972)  found  gravid  females  as  small  as  40  mm.  The 
sexually  dimorphic  supracaudal  gland  is  twice  as  large  in 
males  as  in  females  of  comparable  si/e  40  mm  and  larger 
( Davy.  1972). 

RePRODI  CTIVE  CYCLE  ANI)  SEASONAL  .\Bt  NUANCE. - All 

developmental  stages,  except  ripe  females,  were  repre¬ 
sented  in  the  collections,  indicating  that  spawning  probably 
occurs  in  or  near  the  Ocean  Ac  re.  Spawning  probably  takes 
place  mainly  in  fall  and  perhaps  in  early  winter  at  low  levels. 
The  spec  ies  apparently  lives  for  about  a  year. 

Females  with  the  largest  ova  w  me  taken  from  July 
through  September,  lint  ripe  females  were  not  taken  at  any 
time.  I  he  spec  ies  was  not  taken  in  October-December,  and 
it  is  possible  that  ripe  females  were  most  abundant  in  those 
months  but  were  large  enough  to  avoid  the  nets.  It  seems 
certain  that  females  were  not  in  spawning  condition  in 
August,  for  no  ripe  or  ripening  females  were  taken  in  the 
F.ngel  traw  l  collections.  Perhaps  they  inhabit  depths  below 
those  sampled,  but  this  is  not  likely,  for  the  species  lives 
mostly  above  800  in.  The  1KMT  catch  in  late  summer 
consisted  mostly  of  fish  larger  tfian  38  mm  that  presumably 
would  ripen  and  spawn  a  little  later  in  the  setts  on.  (F.ngel 
c  ollec  lions  made  in  August  1 97  I  contained  several  fish  25- 
40  mm.  although  most  were  41-55  mm.) 

By  winter  the  si/e  composition  of  the  catch  had  changed 
greatly;  all  fish  were  3b  mm  or  smaller  ('Fable  130),  indi¬ 
cating  that  large  fish  of  late  summer  matured,  spawned, 
and  died  in  the  interim. 

File  catch  in  late  spring  consisted  of  two  size  classes; 
recently  spawned  juveniles  19-25  mm.  and  fish  33-50  mm 
that  spawned  the  prev  ious  fall  and  winter. 

Abundance  was  low  at  all  seasons  and  showed  little  change 
during  the  course  of  the  year  (  Fable  130).  perhaps  due  to 
the  extended  breeding  season. 

Yer  i  it ;ai.  Disi  ribi  tion. — i.ittle  tail  fie  said  concerning 
the  vertical  distribution  of  T.  minimus.  Discrete-depth  tows 
caught  few  fish  at  any  depth,  the  maximum  taken  from  any 
50-ni  interval  being  four. 

Fxt  epl  for  a  [lost larva  taken  at  95  I  -I  000  m,  all  discrete- 
depth  day  captures  were  at  001-850  m,  with  the  depth 
limits  apparently  increasing  from  winter  to  late  summer, 
perhaps  due  to  inc  l  e  asing  si/e  of  fish  (  I  able  1  30).  Nod urnal 
depths  were  shallower  than  day  depths  in  each  season.  Fish 
were  taken  at  night  in  winter  at  301-000  ill,  in  late  spring 
.it  I  00-  100  m.  and  in  late  summer  at  45 1  -500  ill  and  95  I  - 
I  000  in.  f  he  2  I  mm  juvenile  taken  neat  1 00  m  by  night  in 
late  spiing  piobablv  is  a  contaminant  from  a  previous  tow. 

I  he  spec  ies  appeared  to  have  a  discontinuous  vertical  dis- 
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trihution  during  the  night  at  all  seasons  (  Fable  130).  Davy 
(1972)  stated  that  7  minimus  does  not  migrate  vertically 
within  a  diel  cycle:  the  Ocean  Acre  data  clearly  show  that 
tlu-  species  does  migrate,  at  least  near  Bermuda.  Clarke 
( 1 973)  also  noted  an  upward  shift  in  depth  at  night  for  this 
species  near  1  lawaii. 
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Relative  Abundance  of  Species  and  Genera 

Although  the  lauternfish  fauna  of  the  study  area  was 
quite  diverse  in  terms  of  the  number  of  species  (the  63 
species  represent  20  to  25  percent  of  the  total  number  of 
fish  species  taken  during  tile  program),  neither  total  abun¬ 
dance  nor  total  numbers  taken  was  equitably  distributed 
among  these  species.  As  is  the  case  in  most  sampling  pro¬ 
grams.  some  species  were  very  rare,  others  very  numerous 
or  abundant,  but  most  species  were  taken  in  moderate 
numbers  or  abundance.  These  are  categorized  here  as 
“rare,"  "uncommon."  “common,"  “abundant,"  and  "very 
abundant"  according  to  the  maximum  abundance  at  any 
given  season  (see  “Methods").  If  the  three  seasons  were 
considered  separately,  a  given  species  might  be  in  different 
abundance  categories  in  different  seasons. 

The  following  20  species  were  “tare"  in  the  study  area: 
Boltnichthys  photothorax ,  Diaphus  bertelseni,  D.  dumerilii,  D. 
fragilis,  D.  garmani,  D.  lucidus,  D.  luetkeni,  D.  perspicillatus, 
D.  prohlematicus,  D.  subtilis,  D.  termophilus,  Lampadenu  an- 
omala,  L.  luminosa,  Lampanyctus  intricarins,  L.  nobilis,  Lou1- 
eina  interrupta,  Myctophum  asperum,  M.  oblusirostre,  M.  selen- 
ops,  and  Symbolophorus  veranyi. 

The  following  19  species  were  “uncommon"  in  the  study- 
area:  Benthosema  glariale,  Bolimchthys  supralateralis,  Diaphus 
brachyrephalus,  D.  effulgens,  D.  metopoclampus,  D.  splendidus, 
Hygophum  reinhardtii,  H.  taaningi,  Lampadena  chavesi,  L. 
urophaos,  Lampanyctus  alatus,  L.  lineatus,  Lepidophanes 
guentheri,  Loweina  rara,  Myctophum  punctatum,  Noloscopelus 
caudispinosus,  Symbolophorus  rufmus,  Taaningichthys  bathy- 
philus,  and  T.  minimus. 

The  following  13  species  were  “common"  in  the  study- 
area:  Centrobranchus  nigroocellatus,  Ceratoscopelus  maderen- 
sis,  Diaphus  mollis,  D.  rafinesquii,  Lampadena  speculigera, 
Lampanyctus  ater,  L.  crocodilus,  L.  cuprarius,  L.  feslivus,  L. 
photonotus,  Lobianchia  gemellarii,  Myctophum  nitidulum,  and 
Sotoscopelus  resplendens.  Only  three  of  these  species,  I), 
moths,  L.  cuprarius,  and  L.  photonotus,  were  represented  by 
more  than  650  specimens. 

Six  species  were  "abundant"  in  the  study  area:  Benthosema 
suborbitale,  Ceratoscopelus  warmingii,  Gonichthys  cocco,  Hygo¬ 
phum  hygomii,  Lepidophanes  gaussi,  and  Lobianchia  dofleini. 

Five  species  were  “very  abundant"  in  the  study  area: 
Bolinirhthys  indicus,  Diogenichthys  atlanticus,  Hygophum  be- 
noiti,  Lampanyctus  pusillus,  and  Notolychnus  valdiviae. 

The  I  I  “abundant"  and  “very  abundant"  species  repre¬ 
sented  10  genera,  the  only  congeneric  pair  being  H.  benoiti 
and  II.  h\gomii.  There  are  some  interesting  differences 
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between  //.  benmti  and  //.  hygomu.  In  the  study  area  II. 
benoiti  throws  to  a  si/e  of  about  44  mm  and  II.  hygomii  to 
about  ti  l  nun.  Hygophum  benoiti  spawns  mostly  in  spring  and 
//.  hygomii  mostly  in  fall.  As  a  result  of  this  difference  in 
spawning  seasons,  the  two  species  are  represented  by  differ¬ 
ent  si/es  at  each  season.  In  winter  most  II.  hygomii  were 
smaller  than  20  mm  and  most  //.  benoiti  larger  than  25  mm; 
in  late  spring  most  //.  hygomii  were  larger  than  15  mm, 
while  most  H.  benoiti  were  9-12  mm;  and  in  late  summer 
the  few  II.  hygomii  caught  were  mostly  larger  than  50  mm, 
but  all  //.  benoiti  were  smaller  than  25  nun.  These  differ¬ 
ences  suggest  that  the  two  species  probably  do  not  directly 
compete  for  any  resources. 

In  their  earlier  report.  Gibbs  et  al.  (1971)  noted  that  nine 
spet  ies  were  numerically  dominant  in  t fie  study  area,  to- 
getliet  tuakint  up  approximately  75  percent  of  the  total 
number  of  lanternfisb  specimens.  Kxcept  for  Diapkus  mollis, 
each  of  those  species  was  among  the  very  abundant  or 
abundant  ones  as  determined  in  this  study.  Here,  D.  mollis 
is  considered  as  a  common  species.  The  three  species  in- 
c  lucled  among  the  abundant  ones  here,  but  not  in  the 
numerically  dominant  spec  ies  of  Gibbs  et  al.  (1971),  are 
Benthosema  suborhitale,  Gonichthys  cocco,  and  Lepidophanes 
ga  ussi. 

At  each  season  the  single  most  abundant  species  com¬ 
prised  19  to  22  percent  of  the  total  myctophid  abundance, 
and  the  four  or  five  most  abundant  ones  made  up  54  to  58 
pert  ent.  In  any  season,  only  six  or  seven  species  each  made 
up  more  than  5  percent  of  the  abundance  of  all  lanternfishes 
combined. 

At  each  season  the  10  most  abundant  species  made  up  75 
to  87  percent  of  t fit*  total  abundance  of  lanternfishes.  Of 
the  16  species  included  among  the  10  most  abundant  lan¬ 
ternfishes  at  any  of  the  three  seasons,  the  following  7  were 
included  at  all  three  seasons:  Geratoscopelus  uiarmingii,  l)i- 
ogenichthys  atlanticus,  Gonichthys  cocco,  Hygophum  benoiti, 
I  ampnnyctus  cuprarius,  I.  pusillus,  and  Notolychnusvaldiviae. 
( )ne  spec  ies,  Bolinichthys  indicus,  was  included  in  winter  and 
late  summer,  and  the  remaining  eight  species  were  included 
only  at  one  season  (Table  131).  Kxcept  for  B.  indicus,  all  the 
“very  abundant''  species  were  among  the  top  10  in  abun¬ 
dance  at  each  season.  In  winter  and  late  summer  the  five 
most  abundant  species  were  the  five  "very  abundant"  ones. 
Lampanyctus  cuprarius  was  t fie  only  spec  ies  included  among 
the  10  most  abundant  at  each  of  the  three  seasons,  and  not 
included  in  the  "abundant"  or  “very  abundant”  species.  The 
seven  spec  ies  that  were  among  the  10  most  abundant  lan¬ 
ternfishes  at  all  three  seasons,  along  with  B.  indicus,  ac¬ 
counted  for  61  to  76  percent  of  t fie  total  abundance  of 
lanternfishes  at  each  of  the  seasons. 

I  he  greatest  total  abundanc  e  for  a  spec  ies,  246  specimens 
pet  hour,  was  obtained  for  B.  indicus  in  winter.  A  dose 
sec  ond  was  //.  benoiti  in  late  summer  w  ith  a  total  abundanc  e 
of  210  spec  imens  per  flour.  No  other  spec  ies  had  a  tnaxi- 


Tabi  r  131.  —  Rank  of  c-ac  li  sjh-c  ies  of  Mynophidae  al  each  season.  Rank  is 
liasccl  1 1 1 x>n  ilit-  Mini  ol  the  day  or  nit'll!  abundances,  whichever  is  greater, 
for  each  of  ihe  stages  (dash  =  not  taken  in  samples  used  to  determine 
abundant  e). 


SPECIES 

WINTER 

SPRING 

SUMMER 

Bo  1 i n i ch thys  i nd i cus 

1 

12 

4 

0 iogeni chthys  atlanticus 

2 

2 

5 

Notolychnus  valdiviae 

3 

6 

3 

Lampanyctus  pusillus 

4 

l 

2 

Hygophum  beno i t i 

5 

9 

1 

Hygophum  hygomi i 

6 

16 

20 

Ceratoscope 1  us  warmingii 

7 

7 

8 

Gon ichthys  cocco 

8 

4 

9 

Lampanyctus  cuprarius 

9 

5 

10 

Lampanyctus  photonotus 

10 

21 

14 

Lampanyctus  ater 

( 1 

10 

17 

Lampanyctus  festivus 

12 

19 

15 

Lobianchia  gemellarii 

13 

17 

27 

D i aphus  mollis 

14 

14 

1 1 

Lob i anch i a  dof le i ni 

15 

3 

12 

Lampadena  speculigera 

16 

23 

29 

Bcnthosema  suborbitale 

17 

28 

6 

Lepidophanes  gauss i 

)8 

18 

7 

Myctophum  nitidulum 

19 

22 

13 

0 i aphus  metopoc 1 ampus 

19 

24 

“ 

Centrobranchus  n i grooce 1 1 atus 

2  1 

8 

28 

D i aphus  raf i nesqu i i 

22 

13 

31 

Notoscopclus  caud i spi nosus 

23 

33 

39 

Lepidophanes  guentheri 

24 

33 

19 

Hygophum  reinhardtii 

25 

32 

33 

Taani ngi chthys  bathyphi lus 

26 

26 

29 

Taan i ng i chthys  minimus 

27 

31 

32 

Lampadena  urophaos 

27 

29 

40 

Loweina  rara 

29 

53 

21 

Lampanyctus  alatus 

30 

36 

40 

Lampanyctus  crocodilus 

31 

1  1 

18 

Diaphus  splendidus 

32 

35 

36 

Hygophum  taaningi 

33 

40 

24 

Benthosema  glaciale 

35 

20 

22 

Lampanyctus  fincatus 

35 

37 

23 

Diaphus  effulgens 

3b 

37 

25 

Symbo 1 ophorus  veranyi 

37 

Myctophum  selenops 

38 

43 

_ 

Lampadena  chaves » 

38 

24 

35 

Bolinichthys  photothorax 

38 

41 

55 

Bolinichthys  supra  1 ateral i s 

41 

- 

35 

D i aphus  dumer i 1 i i 

41 

55 

53 

Diaphus  br achycepha 1  us 

53 

27 

36 

Loweina  interrupta 

55 

“ 

- 

Notoscopclus  rcsplendens 

55 

15 

36 

Symbolophorus  rufinus 

56 

55 

25 

Diaphus  per spi c i 1 1 atus 

56 

55 

58 

Myctophum  obtusirostre 

56 

- 

Myctophum  punctatum 

30 

- 

Ceratoscope lus  maderensis 

~ 

39 

16 

Diaphus  prob 1 ema t i cus 

- 

42 

40 

Lampadena  anomala 

55 

- 

Diaphus  lucidus 

- 

53 

Diaphus  termophilus 

- 

55 

Diaphus  bertelseni 

- 

55 

Diaphus  luetkeni 

58 

mum  abundance  of  more  than  200  specimens  per  hour.  In 
both  winter  and  late  summer  four  species  had  total  abun¬ 
dances  in  excess  of  100  specimens  per  hour,  but  in  late 
spring  only  the  most  abundant  species  did,  L.  pusillus,  with 
1  I  5  specimens  per  hour. 

Neither  number  of  species,  nor  total  abundance,  nor  total 
numbers  was  evenly  distributed  among  the  1  8  genera.  Only 
5  of  the  genera  were  represented  by  more  than  3  species, 
and  only  2  by  10  or  more  species,  Diaphus,  the  most  speciose 
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genus  of  lanlernlish,  was  represented  in  tilt-  studs  area  l)\ 
lti  spec  ies,  or  about  25  percent  of  the  total  number,  but  all 
ol  its  species  combined  never  were  responsible  for  more 
than  17  nercent  of  the  total  abundance  and  accounted  for 
mils  about  a  percent  ol  the  total  number  of  specimens. 
I.ampanyctus,  which  was  represented  In  10  specie's  (about 
I  is  perc  ent  of  the  total  number),  comprised  20  to  35  perc  ent 
of  the  total  abundance  at  each  season  and  accounted  for 
about  10  perc  ent  of  the  total  number  ol  spec  imens.  Diogen- 
iihthy '  and  Xolnlychnus,  each  represented  in  the  studs  area 
In  a  single  spec  it  s.  each  svere  responsible  for  6  to  1  4  percent 
ol  the  total  abundance  at  each  season  and  for  8  to  9  percent 
of  the  total  number  ol  specimens.  Only  Lampanyctus  h.  1  a 
total  abundance  in  excess  ol  100  specimens  per  hour  at 
each  <>l  the  three  seasons. 

Patterns  of  Geographic  Distribution  and  Abundance 

( )i'.e  lac  tor  for  the  observed  uneven  abundances  is  appar¬ 
ent  in  the  distribution  patterns  ol  the  species  involved. 
Bac  kus  et  al.  (1977)  divided  the  Atlantic  Ocean,  between 
about  35  “S  and  00°  N ,  into  a  system  of  seven  /oogeograpbic 
regions  based  upon  midwater  trawl  collections  of  more  than 
200.000  lanternfishes  of  106  species.  Their  system  depends 
upon  faunal  and  physical  similarities  within  any  given  area 
as  well  as  the  distribution  patterns  of  the  individual  species. 
Nine  patterns  of  distribution  shown  by  myctophids  were 
desc  ribed  in  terms  of  those  seven  regions,  or  parts  or 
combinations  of  them.  (See  Backus  et  al..  1977:272-274, 
table  4).  Of  the  nine  patterns,  three  include  Bermuda  and 
six  do  not:  all  of  the  former  and  four  of  the  latter  were 
represented  among  the  Ocean  Acre  lanternfishes  (Table 
132). 

The  stuck  area  is  in  the  northern  Sargasso  Sea  province 
ol  North  Atlantic  subtropical  region  and,  according  to 
Backus  et  al.  ( 1977).  species  with  the  following  distribution 

Tabu  ITJ.  —  Numbers  «ind  percent  of  species  and  specimens  of  Ocean 
A<  re  Mvdnpliidae  distributed  according  to  the  North  Atlantic  patterns 
given  bv  Backus  et  al.  (1977)  (Number  of  specimens  is  the  total  number 
taken  on  all  <  ruisc’s  combined,  including  Kngel  trawl  collections). 


SPECIES 

SPECIMENS 

DISTRIBUTION 

X  OF 

X  OF 

PATTERN 

NO.  TOTAL 

NO.  TOTAL 

SUBPOLAR- 

TEMPERATE 

2 

3-2 

W48 

0.3 

TEMPERATE 

1, 

6.3 

292 

0.6 

TEMPERATE  - 

SEMI SUBTR0PI  CAL 

8 

13.0 

18.168 

38.3 

SUBTROPICAL 

12 

19-0 

8,256 

17. M 

TROPICAL- 

SUBTROPICAL 

18 

28.6 

19.715 

I4 1  . 6 

TROPICAL- 

SEMI  SUB TRQP 1  CAL 

5 

7-9 

198 

0.I4 

TROPICAL 

13 

20.6 

577 

1  .2 

UNCATEGORI ZED 

1 

1 .6 

6^4 

0.  1 

patterns  would  not  be  expected  to  occur  there  it)  am 
numbers:  subpolar-temperate,  temperate,  tropic  a l-semisub- 
tropical,  and  tropical.  Kleven  of  the  Bermuda  lanternfishes 
have  one  of  the  first  three  patterns.  These  II  species, 


comprising  17  percent  of  the  total  number  of  species,  ac  ¬ 
counted  for  slightly  more  than  1  percent  of  the  total  number 
of  .spec  imens.  Thirteen  other  Bermuda  species  have  a  trop¬ 
ical  distribution,  making  up  about  2 1  percent  of  the  species, 
and  account  for  only  1.2  percent  of  the  total  number  of 
spec  imens.  Thus  24  species  (not  including  T.  bathyphilus), 
about  38  percent  of  the  total  number,  have  their  main 
distributions  outside  the  North  Atlantic  subtropical  region 
and  are  represented  bv  less  than  4  percent  of  the  total 
number  of  specimens  taken.  Of  these  24  spec  ies,  17  were 
"rare,"  six  were  "uncommon."  and  one  was  “common." 
Kleven  of  these  belong  to  the  genus  Dtaphus,  which  was 
represented  in  the  study  area  by  16  species.  Only  Lampa- 
dena  speculigera,  a  temperate  species,  was  not  "rare"  or 
“uncommon."  It  was  represented  by  only  281  specimens 
and  had  a  maximum  abundance  of  12  specimens  per  hour, 
w  hic  h  was  close  to  the  lower  limit  for  common  species. 

Seventeen  of  the  20  "rare"  species  had  either  a  temperate, 
a  tropical,  or  a  tropical-semisubti opical  distribution.  The 
remaining  three.  Diaphus  bertelseni,  Lampadena  anomala, 
and  Myctophum  selenops,  are  questionably  tropical-subtropi¬ 
cal  species. 

The  remaining  38  species,  accounting  for  61  percent  of 
the  number  of  species,  were  assigned  by  Backus  et  al.  (1977) 
to  either  the  temperate-setnisubtropicai,  subtropical,  or 
tropical-subtropical  patterns.  These  species  accounted  for 
almost  97  percent  of  the  total  number  of  myctophids  taken, 
which  is  very  close  to  the  93  percent  obtained  for  species 
with  these  patterns  in  the  North  Atlantic  subtropical  region 
by  Backus  et  al.  (1977). 

Of  these  38  species,  18  (29  percent  of  the  63  species 
taken  near  Bermuda),  represented  by  1 9,7 1 5  specimens  (42 
percent),  had  a  tropical-subtropical  distribution;  eight  (13 
percent),  represented  by  18,168  specimens  (38  percent), 
had  a  temperate-semisubtropical  distribution;  and  12  (19 
percent),  represented  bv  8,256  specimens  (17  percent),  had 
a  subtropical  distribution.  Backus  et  al.  (1977)  noted  that, 
in  their  collections  from  the  North  Atlantic  subtropical 
region,  tropical-subtropical  species  accounted  for  59  per¬ 
cent  of  the  specimens  (vs.  42  percent  in  this  study),  temper- 
atc-semisubtropical  species  for  20  percent  (vs.  38  percent), 
and  subtropical  species  for  about  14  percent  of  the  speci¬ 
mens  (vs,  I  7  percent). 

I  lie  38  species  were  distributed  among  the  abundance 
categories  as  follows:  12  were  “uncommon,"  12  "common," 
6  "abundant."  5  “very  abundant,"  and  3  “rare."  Thus  all 
the  abundant  and  very  abundant  species,  and  all  except  one 
common  spec  ies,  were  distributed  according  to  one  of  the 
three  patterns  that  would  be  predicted  to  be  predominant 
among  the  lanternfishes  of  the  study  area  from  the  zoogeo¬ 
graphic  work  of  Bac  kus  et  al.  (1977). 
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Ofthe  I  1  abundant  or  very  abundant  spec  ies  at  Bermuda, 
two  (H.  indicus  and  /..  gaussi )  had  subtropical  distributions, 
font  (//  benoiti,  H.  hygumii,  L.  pusillus,  and  L.  dofleini)  had 
temper. ile-semisubtropical  distributions,  and  live  (B.  subor- 
bitale,  (.  wanningii,  D.  atlanticus,  (>.  cocco,  and  S.  valdiviae) 
had  tropical-subtropical  distributions.  According  to  Backus 
ct  al.  (1977)  only  lour  of  these  species  (B.  indicus,  I),  atlan¬ 
ticus.  L.  gaussi,  and  A.  valdiviae)  were  most  abundant  in  the 
North  Atlantic  subtropical  region.  Five  cocco,  II.  benoiti, 
II.  hygomii,  L.  pusillus,  and  dofleini)  were  most  abundant 
in  the  temperate  region,  and  two  (B.  suborbitale  and 
warmingii )  in  the  tropical  region.  One  spec  ies.  Taaningichthys 
bathsphdus,  was  not  categorized  In  Backus  et  al.  (1977) 
because  it  is  a  bathvpelagic  species.  It  made  up  about  0.1 
percent  of  the  total  number  of  mvctophids  taken  during 
the  Oc  ean  Acre  program. 


Combined  Vertical  Distribution 


Dkpth  Diktkihition. — I.anternfishes  have  an  extensive 
vertical  range  throughout  the  dav  and  night,  and  most 
undergo  a  considerable  diel  vertical  migration  (Badcock, 
197(1:  Gibbs  et  al.,  1971;  Goodyear  et  al.,  1972;  Clarke, 
1978;  Badcock  and  Merrett,  I97(i;  Krueger  et  al.,  1977; 
I’earc  v  et  al.,  1977).  The  Ocean  Acre  discrete-depth  sam¬ 
ples.  regardless  of  season  and  time  of  day  contain  some 
lanternlishes  from  nearly  all  50-m  intervals  between  the 
surfac  e  and  1000  m  (Table  133).  Moreover,  lanternlishes 
have  been  taken  in  the  study  area  at  depths  at  least  as  great 


Tabu  l!W. — Seasonal  dav  and  night  catch  rates  of  all  laniernfishes  coni- 
hiiu*d  In  50-m  intervals  within  the  upper  1000  m  (1)  =  day:  N  =  night;  NS 
=  no  samples  taken  and  interpolations  not  used;  asterisk  =  interpolated 
values). 


OEPTM 

(M) 

WINTER 

LATE 

SPRING 

LATE 

SUMMER 

D 

N 

D 

N 

D 

N 

SURF 

0 

59 

2 

81 

1 

56 

50 

*4 

91 

5 

80 

2 

303 

100 

<1 

134 

4 

I65 

<  | 

158 

150 

0 

77 

0 

12 

2 

82 

200 

0 

35 

0 

10 

0 

36 

250 

N5 

1  1 

NS 

13 

2 

l  1 

300 

U 

12* 

<1 

5 

1 

1  1 

350 

2 

14 

4 

*4* 

1 

8 

400 

1 

3 

2 

4 

0 

10 

*4  SO 

32* 

2 

13* 

0 

<1 

2 

500 

6*4 

10 

2*4 

3 

2 

4 

550 

79 

4 

28* 

8 

59 

7 

6oo 

(07 

12 

33 

5 

58 

5 

650 

199 

2 

52 

15* 

176 

3 

700 

1661V 

6* 

55 

25* 

106* 

76 

750 

137 

10 

5li3 

35* 

37 

26 

8oo 

102* 

15 

W 

65 

35 

35 

850 

67 

2*4 

29* 

33 

88 

65 

900 

53* 

66 

1  1 

18* 

52 

56 

950 

38* 

35* 

12* 

18* 

17 

2*4 

1000 

2*4  * 

5 

1*4 

3 

(7* 

30 

SMITHSONIAN  CONTRIBUTIONS  TO  ZOOLCX.Y 


as  1500-2000  m  (see  Fable  42).  There  is,  however,  no 
single  spec  ies  that  inhabits  this  entire  range  of  depths  at  any 
one  time,  although  a  number  ol  species  mav  inhabit  muc  h 
of  this  vast  depth  range  at  different  stages  of  growth  and 
development. 

A  salient  feature  of  the  depth  distribution  of  mvctophids 
is  the  pronounced  diel  shift  in  centers  of  abundance  from 
approximately  450-900  m  by  dav  to  above  250  til  at  night. 
Based  on  catch  rates  f  rom  discrete-depth  samples,  about  00 
percent  of  the  night  catch  of  mvctophids  and  less  than  4 
percent  of  the  dav  catc  h  is  from  above  about  250  til,  and 
about  25  percent  of  the  night  catch  and  80-93  percent  of 
the  dav  catch  is  from  45  1  -900  m  (  Fable  I  33).  This  reflects 
the  diel  vertical  migration  of  about  500-700  m  undertaken 
by  a  considerable  portion  of  the  laniernfish  population. 

Significant  catches  during  the  night  at  daytime  depths  of 
abundance  indicate  that  some  portion  of  the  population 
does  not  migrate  on  a  regular  basis,  or  that  it  migrates  up 
to  those  depths  from  deeper  ones.  Most  of  the  lanternfish 
at  those  depths  are  postlarvae  and  recently  metamorphosed 
juveniles,  although  at  least  some  adults  and  subadults  of 
some  species  do  not  migrate  (e.g.,  Xotolychnus  valdiviae). 

1)av  Catch. — During  the  day  few  specimens  were  taken 
in  the  upper  450  m  at  any  season.  Most  of  the  valid  captures 
from  this  stratum  are  postlarvae  of  various  species,  while 
most  larger  fishes  probably  are  contaminants  left  in  the  net 
f  rom  previous  samples  made  at  different  depths  and  times. 
'File  catch  at  451-500  m  in  winter  and  late  spring  (and 
perhaps  at  401-450  m,  where  no  samples  were  taken),  and 
at  501-550  m  in  late  summer  is  noticably  larger  than  that 
at  shallower  depths.  The  increase  in  the  minimum  depth  of 
appreciable  abundance  in  late  summer  may  be  related  to 
inc  reased  light  penetration,  but  there  are  no  data  available 
to  support  this. 

About  9  percent  of  the  total  day  catch  from  the  upper 
1 000  m  (including  interpolated  values)  came  from  40 1  -500 
m  in  winter  and  late  spring,  and  nearly  18  percent  came 
from  501-600  m  in  late  summer  ('Fable  133).  Abundance 
increases  from  those  depths  to  maxima  at  601-650  til  in 
winter  and  late  summer  and  601-700  m  in  late  spring, 
where  18.3  to  27.8  percent  of  the  catch  (including  inter¬ 
polated  values)  was  taken  ('Fable  133).  Samples  were  not 
made  at  651-700  in  in  winter  and  late  summer  or  at  701  — 
750  m  in  late  spring.  It  is  possible  that  maximum  abun¬ 
dances  occ  ur  at  the  unsampled  depths  at  any  or  all  of  the 
time  seasons. 

At  601-650  m  in  winter  the  dominant  lanternlishes  dur¬ 
ing  daytime  are  Bolinichthys  indicus,  Diogenichthys  atlanticus, 
and  Lampanyctus  pusillus,  the  three  making  up  78  percent 
of  the  c  atc  h  in  that  depth  interval.  In  late  spring  L.  pusillus 
dominates  the  catch  at  601-700  m,  accounting  for  slightly 
more  than  62  percent  of  the  catch  from  that  stratum,  where 
no  other  species  accounts  for  as  much  as  6  percent  of  the 
catch.  In  late  summer  /..  pusillus  again  dominates  at  the 
depth  of  maximum  abundance,  601-650  m,  comprising 
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about  39  percent  of  ilit'  catch.  Bolinichthys  indicus  and  /). 
atlantirus.  which  together  account  for  about  33  percent  of 
the  catch,  are  the  onh  other  species  that  occur  in  am 
abundance  at  601-650  in. 

Abundance  is  high  to  moderate  from  the  depth  of  maxi¬ 
mum  abundance  to  about  800-900  m.  At  depths  greater 
than  about  830  m  abundance  decreases,  but  it  is  greater 
than  in  the  upper  430  m.  The  catch  from  831-1000  in 
ranges  from  9.3  to  13.2  percent  of  the  catch  made  in  the 
tippet  I  000  m  depending  upon  season.  In  w  inter  no  samples 
wa  re  made  at  831-1000  m,  and  the  entire  catch  given  for 
the  three  included  30-m  intervals  was  estimated  bv  inter¬ 
polation.  In  winter  B.  indicus  is  the  dominant  lantern  fish  at 
701-730  m.  and  l.ampanyctus  cuprarius  and  Hygophum  hy- 
gomii  at  80 1  -8.30  m.  In  late  spring  onh  D.  atlantirus  and  L. 
cuprarius  occur  in  moderate  abundance  between  731  and 
1000  m.  In  late  summer  at  701-930  tn  B.  indicus  and 
Hygophum  benoiti  are  the  dominant  mvetophids,  while  L. 
pusillus  and  C.eratoscopehis  warmingii  occur  in  moderate 
abundant  e. 

There  were  few  discrete-depth  samples  below  1000  m  at 
all  seasons  (  Table  2).  The  catch  in  winter  at  these  relatively 
great  depths  was  almost  exclusively  due  to  warmingii. 
l.ampanyctus  ater,  L.  cuprarius,  and  warmingii  are  the 
most  abundant  species  in  late  spring,  but  even  these  species 
occur  in  low  abundance.  Discrete-depth  sampling  below 
1000  m  was  best  in  late  summer,  when  only  three  (of  1  1) 
30-m  intervals  between  1001  and  1330  m  were  not  sampled 
(  Table  2).  Despite  this  moderately  good  sampling,  the  catch 
was  ver\  small.  Only  at  1001-1050  m  did  the  catch  (16.7 
specimens  per  hour)  exceed  3  specimens  per  hour,  and  no 
species  was  even  moderately  abundant  at  this  depth.  'The 
daytime  vertical  distribution  of  mvetophids  in  the  eastern 
Atlantic  Ocean  (Badcock,  1970)  is  similar  to  the  one  given 
herein. 

Nioht  Catch. — Shortly  before  sunset  this  daytime  pat¬ 
tern  of  vertical  distribution  begins  to  change.  Migrants 
begin  their  as<  cut  to  the  upper  layers,  resulting  in  a  shallow¬ 
ing  of  the  depths  of  maximum  abundance  and  a  consequent 
reduction  in  the  catch  between  431  and  800  m.  At  night 
most  specimens  ate  caught  in  the  upper  250  in.  Depths  of 
maximum  abundance  are  51-100  m  in  winter  and  in  late 
spring,  and  33-50  in  in  late  summer  (when  only  surface 
samples  were  made  above  33  m)  from  which  strata  about 
21  percent,  28  percent,  and  31  percent,  respectively,  of  the 
night  c  alc  It  from  the  tipper  I  000  m  was  calculated  to  occur. 

In  wintci  (..  warmingii.  X.  valdiviae,  B.  indicus,  and  I). 
atlantirus  are  all  taken  in  fair  abundance  at  the  depth  of 
maximum  abundance'.  51-100  m.  where  the  four  species 
together  constitute  about  65  percent  of  the  catch.  In  late 
spring  the  above  four  species,  together  with  J.obianchia 
dufletni  and  l.ampanyctus  pusillus,  are  the  dominant  lantern- 
fishes.  ac  c  mulling  for  69  perc  ent  of  the  catch  at  that  depth. 
In  late  sinnmei  X.  valdiviae  is  dominant,  making  up  38 
percent  of  the  catch;  Benthnsema  suhorbitale,  l.epidophanes 


gaussi,  and  /,.  pusillus  are  abundant  at  33-50  m,  together 
accounting  for  an  additional  48  percent.  A  similar  nighttime 
concentration  of  lanternfishes  in  the  upper  100  m  has  also 
been  noted  in  the  eastern  Atlantic  (Badcock,  1970). 

Between  6  and  14  percent  of  the  night  catch  from  the 
tippet  1000  tn  was  from  the  surface,  where  Gonichthys  cocco 
is  the  dominant  species  at  all  seasons.  Myctophum  nitidulum 
is  abundant  at  the  surface  at  all  three  seasons,  with  Centro- 
branchus  nigroocellatus  abundant  in  winter  and  late  spring. 
Nafpaktitis  et  al.  ( I  977)  and  Devany  (1969)  have  noted  that 
these  three  species,  among  others,  are  common  in  neuston 
collections  made  at  night. 

Secondary  concentrations  are  found  at  night  at  about 
701-9.30  m  in  winter  601-950  m  in  late  spring,  and  651- 
1000  in  in  late  summer  (Table  133).  At  those  depths  the 
lanternfishes  are  mostly  young  nonmigrants  rather  than 
migrants  from  greater  depths.  These  depths  account  for 
about  24  percent,  32  percent,  and  29  percent,  respectively, 
of  the  catches  f  rom  the  upper  1000  m. 

The  catch  at  intermediate  depths  is  generally  low  at  all 
seasons  and  accounts  for  5  to  10  percent  of  the  catch  for 
the  upper  1000  in.  with  no  50-m  interval  comprising  more 
than  2.5  percent  (  Table  1  33).  Except  for  Diaphus  rafinesquii 
in  late  spring,  no  species  occurs  in  any  abundance  at  these 
depths  at  any  season. 

Tittle  can  be  said  concerning  the  catch  at  depths  greater 
than  1000  m  because  of  poor  sampling  (Table  2).  Lampan- 
yrtus  cuprarius  apparently  is  a  regular  nighttime  resident  at 
those  great  depths,  although  it  is  not  abundant  (Table  90). 

Sizk  Stratification. — During  the  day,  more  than  65 
percent  of  the  catch  of  small  (less  than  31  mm)  fish  was 
from  the  upper  700  nt,  and  more  than  79  percent  of  that 
of  larger  fish  was  from  701-1550  m  (  Table  134).  Gibbs  et 
al.  (1971)  noted  that  the  average  minimum  and  maximum 
sizes  of  lanternfishes  increased  with  depth. 

Stratification  according  to  si/e  also  is  evident  at  night 
(  Table  1  34),  but  the  depth  relations  are  not  similar  to  those 
of  daytime.  Although  most  sizes  are  found  over  much  of 
the  vertical  range,  they  are  not  uniformly  distributed.  The 
average  size  of  the  specimens  caught  at  701-1000  m  is 
noticeably  smaller  than  that  of  specimens  from  shallower 
depths  at  each  season  (  Table  134).  At  about  201  to  600  nt 
(or  650  m),  depending  upon  season,  the  mean  size  of  the 
fishes  caught  is  larger  than  for  either  shallower  or  greater 
depths.  This  stratification  was  most  pronounced  in  late 
spring,  when  the  mean  size  of  the  specimens  caught  at  20 1  — 
600  m  was  more  than  twice  as  large  as  that  from  shallower 
or  greater  depths.  Fishes  smaller  than  51  mm  are  most 
abundant  at  1-200  in,  and  fishes  larger  than  60  111111  are 
most  abundant  at  greater  depths.  In  addition  to  their  max¬ 
imum  abundance  in  the  upper  200  in,  fish  1  1-20  mm  show 
a  secondary  concentration  (which  is  approximately  half  of 
that  in  the  upper  200  m)  at  about  701-900  in  in  winter, 
75 1  -850  m  in  late  spring,  and  65 1  -  1 000  til  in  late  summer. 
These  fishes  probably  arc,  for  the  most  part,  recently  me- 
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Table  1 34. — Characteristics  of  the  lanternfish  communities  at  each  of  the  depth  strata  during  night  and 
day  (ranges  and  mean  values  (in  parentheses)  are  given  for  the  50-ni  intervals  within  each  stratum;  abundance 
is  the  catch  rate  for  all  f>0-m  intervals,  including  interpolation  in  unsampled  intervals;  overall  mean  size  in 
mm). 


stratvm  (m) 

NO.  OF 
SPECIES 

NO.  OF 
GROUPS 

SPECIES 

DIVERSITY 

EVENNESS 

TOTAL 

ABUNDANCE 

OVERALL 
MEAN  SIZE 

DAY 

4*5  1  -600 

6-13(9-0) 

2-5(3.  1) 

0.8-2. 0(1. 3) 

0.2-0. 6(0. 4) 

24-107  (62) 

17.0 

601-700 

12-22(17.0) 

4-7  (5-2) 

1.2-1. 8(1. 5) 

0.2-0. 3(0. 2) 

52-199020) 

19.1 

701-850 

10-22  (18.0) 

4-6(4. 8) 

1.4-2. 6(2.1) 

0.4-0. 6(0. 4) 

35-137(68) 

25.3 

>850 

1-13  (6.U) 

l-<*  (3.0) 

0.9-2. 2  (1  .4) 

0.4-0. 8(0. 7) 

1-19(8) 

36.3 

NIGHT 

SURFACE 

3-8  (6.0) 

1-2(1. 3) 

0.7-1 .0(0.9) 

0.2-0. 5(0. 3) 

56-81  (65) 

22.6 

SHALLOW 

7-30(18.3) 

2-7(4. 9) 

1  .2-2.6  (2.1) 

0.1-0. 9(0. 5) 

10-303  (86) 

21.9 

INTERMEDIATE 

1-14(6.4) 

1-6(3. 7) 

0.0-2. 3(1 .4) 

0.0-0. 9(0. 7) 

2-14(7) 

30.0 

DEEP 

6-14  (9.4) 

3-7(4. 8) 

0.6-1. 4(1. 3) 

0.1-0. 6(0. 3) 

24-76  (42) 

16.1 

tamorpliosed  juveniles  of  various  species  that  do  not  migrate 
or  do  not  do  so  on  a  regular  basis. 

Species  Associations  and  Resource  Partitioning 

Factor  analyses  of  daytime  and  nighttime  data  (separately 
for  winter,  late  spring,  and  late  summer)  resulted  in  40 
groups,  in  each  of  which  the  species  all  have  very  similar 
vertical  distributions.  No  two  species  groups  have  the  same 
bathymetric  distributions.  Groups  with  similar  vertical 
ranges  have  different  depths  of  maximum  abundance,  and 
those  whose  maximum  abundances  occurred  at  similar 
depths  have  different  vertical  ranges.  Tables  135-140  con¬ 
tain  the  daytime  data;  Tables  141-146  the  nighttime  data. 

Depending  upon  the  season  and  dtel  period,  Five  to  eight 
groups  were  formed.  Each  of  the  1 9  daytime  and  2 1  night¬ 
time  groups  consisted  of  1  to  7  species;  10  groups  had  a 
single  species,  10  had  2,  8  had  3,  7  had  4,  2  had  5,  1  had 
6.  and  2  groups  had  7  species.  The  mean  number  of  species 
per  group  was  2.8:  2.5  for  day  groups  and  3.1  for  night 
groups. 

Daytime  Species  Groups 

Five  to  eight  groups  per  season  were  recognized  front 
daytime  data,  each  group  consisting  of  one  to  Five  species. 
These  groups  accounted  for  83-93  percent  of  the  daytime 
abundance  of  all  lanternfishes  at  each  of  the  three  seasons. 
In  Fables  1  35- 1  40.  the  groups  and  their  constituent  species 
are  listed  bv  season  in  order  of  increasing  depth  of  maxi¬ 
mum  abundance.  They  will  be  referred  to  as  follows:  day¬ 
time  winter,  VVD1  through  WD6;  late  spring  SPD1-SPD8; 


and  late  summer  SUD1-SUD5;  nighttime  winter,  WN1- 
WN8;  late  spring  SPN1-SPN6;  and  late  summer  SUN1- 
SUN7.  The  number  corresponds  to  the  group’s  relative 
depth  of  maximum  abundance  (e.g.,  1  indicating  the  group 
with  maximum  abundance  at  the  shallowest  depth,  2  the 
next  deeper  group). 

The  depths  of  maximum  abundance  of  the  six  winter 
groups  were:  WD1  at  451-500  m,  WD2  at  551-600  m, 
WD3  at  601-650  m,  WD4  at  701-750  m,  WD5  at  701- 
750  m  and  801-850  m,  and  WD6  at  1001-1050  m.  The 
most  abundant  group,  WD3,  comprised  about  61  percent 
of  the  abundance  of  all  groups  combined  and  dominated 
the  catch  at  501-750  in,  even  though  groups  WD2,  4,  and 

5,  had  their  maximum  abundances  there  (Table  135). 

The  eight  late  spring  groups  had  their  depths  of  maxi¬ 
mum  abundance  as  follow's:  SPD1  at  451-500  m,  SPD2  and 
SPD3  at  601-650  m,  SPD4  and  SPD5  at  651-700  m,  SPD6 
and  SPD7  at  751-800  m,  and  SPD8  at  851-1000  m  and 
1  101-1  150  m.  SPD4  was  the  most  abundant  group,  ac¬ 
counting  for  about  42  percent  of  the  abundance  of  all 
groups  combined.  It  was  the  most  abundant  group  at  551- 
700  m,  despite  groups  SPD2,  3,  and  5  having  their  maxi¬ 
mum  abundances  there.  Groups  SPD3,  5,  and  6  were  not 
very  abundant,  together  comprising  less  than  5  percent  of 
the  total  for  all  groups  combined.  SPD2,  4,  and  7  had  their 
maximum  abundances  at  the  same  depths  as  SPD3,  5,  and 

6,  respectively,  but  the  two  groups  in  each  pair  had  different 
overall  vertical  ranges  (Table  1  37).  The  depths  of  maximum 
abundance  for  late  summer  groups  were  501-600  m  for 
SU  D 1 , 60 1  -650  m  for  SU D2,  70 1  -800  m  for  SU  D3,  75 1  - 
850  for  SUD4,  and  801-850  m  for  SUD5.  The  most 
abundant  group,  SUD  2,  dominated  the  catch  at  601-650 
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I  xrif  t:V'  (ijMnbunon  (in  50-m  intervals)  of  daytime  winter 

i.it<  b  uin  hv  t<-\  vjt  iiuunlx-rs  =  catch  rates  of  specimens  per  hour; 
d.i\h  =  no  »  m  »s  «»t  the  sprues  group  taken.) 


SPECIES 

CROUPS 

<*51- 

50C 

SCI- 

550 

551- 

b00 

60 1  - 
650 

70 1  - 
750 

801- 

850 

1001- 

1050 

1201- 

1250 

1251“ 

1300 

1501- 

1550 

TOT 

W0  1 

60 

5 

19 

'7 

<« 

2 

. 

. 

1 

108 

WO  2 

- 

2 

28 

3 

1  1 

10 

1 

- 

1 

_ 

55 

WD  3 

1 

69 

56 

167 

76 

16 

- 

- 

<1 

- 

385 

WO  4 

- 

- 

1  I 

6 

- 

- 

<1 

<1 

18 

wo  5 

- 

- 

5 

18 

19 

1 

- 

- 

1 

« 

WO  b 

' 

” 

2 

“ 

7 

6 

4 

1 

20 

Table  136. — Vertical  distribution  (in  50-m  intervals)  of  daytime  winter 
catch  rates  by  species  (numbers  =  catch  rates  of  specimens  per  hour;  dash 
—  no  specimens  of  the  species  taken). 


SPECIES 

*51- 

500 

501- 

550 

55t- 

600 

601- 

650 

701- 

750 

so  1  - 
850 

1001- 

1050 

1201- 

1250 

1251- 

1300 

1501- 

1550 

WD  1 

N.  valdivae 

3 

17 

16 

4 

2 

- 

- 

- 

1 

L .  dof l e i n i 

6 

2 

1 

- 

<1 

- 

- 

- 

- 

- 

L .  geme llarii 

7 

- 

1 

<1 

- 

- 

- 

- 

- 

- 

D .  raf  t  nesqu i  i 

<4 

1 

- 

I 

- 

- 

- 

- 

- 

- 

WO  2 

H .  hygomi i 

- 

1 

22 

<1 

1  1 

10 

1 

- 

1 

_ 

B.  suborbitaie 

1 

6 

2 

- 

<1 

- 

- 

- 

- 

WD  3 

H.  benoiti 

1 

22 

6 

12 

12 

6 

- 

- 

- 

- 

D«  atlanticus 

1 

13 

19 

Uk 

8 

6 

- 

- 

- 

- 

L .  pus i 1 1  us 

- 

- 

16 

40 

12 

2 

- 

- 

1 

- 

B.  indicus 

- 

35 

16 

71 

42 

2 

- 

- 

- 

WOk 

L.  ater 

- 

- 

- 

- 

8 

6 

- 

- 

- 

<1 

L .  specul igera 

- 

- 

' 

4 

4 

- 

- 

1 

- 

WD5 

l.  cuprarius 

- 

- 

- 

1 

5 

12 

1 

- 

- 

- 

l.  festivus 

- 

- 

- 

- 

8 

1 

- 

- 

_ 

_ 

L.  photonotus 

- 

- 

- 

2 

4 

4 

- 

- 

- 

1 

L.  gauss i 

- 

- 

- 

2 

1 

2 

- 

- 

- 

<1 

WD6 

C .  warmi ng i i 

* 

- 

2 

“ 

- 

7 

6 

4 

1 

1  able  I  37. — Vertical  distribution  (in  50-m  intervals)  of  daytime  late  spring 
c  atch  rates  by  species  groups  (numbers  =  catch  rates  of  specimens  per  hour; 
dash  =  no  specimens  of  the  species  group  taken). 


SPECIES 

CROUPS 

451- 

500 

551- 

600 

601- 

650 

651- 

700 

751- 

800 

851- 

900 

951“ 

1000 

1051“ 
1 100 

1101- 

1150 

1151- 

1200 

1201 

1250 

TOT 

SPD  1 

12 

4 

2 

<1 

. 

19 

SP0  2 

5 

) 

8 

1 

<1 

- 

- 

- 

- 

_ 

_ 

16 

SPD  3 

- 

- 

3 

l 

1 

- 

- 

- 

- 

- 

- 

5 

SPD  4 

- 

16 

37 

42 

8 

1 

- 

- 

- 

2 

<1 

101 

SP0  5 

1 

- 

1 

1 

- 

- 

- 

- 

- 

- 

_ 

4 

SPO  6 

- 

- 

- 

- 

2 

<1 

- 

1 

- 

- 

_ 

3 

SPD  7 

<1 

7 

3 

6 

31 

5 

4 

9 

5 

7 

1 

77 

SPO  8 

<1 

* 

<1 

1 

1 

3 

2 

3 

“ 

" 

10 

m  and  constituted  slightly  more  than  37  percent  of  the  total 
group  abundance  (Table  139).  Catches  of  lanternfishes 
above  450  m  during  daytime  were  small  (Table  133).  Only 
in  late  spring,  when  about  4.5  percent  of  the  total  day 
abundance  came  for  these  shallow  depths  (25  percent  were 
suspected  contaminants),  was  more  than  2  percent  of  the 
total  abundance  from  the  surface-to-450  m  stratum.  Either 
few  lanternfishes  inhabit  the  upper  450  m  during  the  day¬ 
time,  or  they  avoid  the  IKMT.  Evidence  from  larger  nets 
supports  the  former.  Most  of  the  catch  from  this  stratum 
consisted  of  postlarvae  of  various  species.  It  probably  is  safe 
to  assume  that  such  shallow  depths  serve  only  as  nursery 
grounds  for  some  species  of  lanternfishes  and  have  little 
ecological  significance  for  the  older  stages  during  daylight 
hours. 

Day  Depth  Strata 

For  daytime,  the  water  column  below  450  m  can  be 
divided  on  the  basis  of  factor  analysis  and  population  char¬ 
acteristics  into  the  following  four  depth  strata:  451-600  m, 
601-700  m,  701-850  m,  and  in  excess  of  850  m.  The  last 
probably  can  be  divided  into  two  or  more  strata,  but  catches 
below  about  1000  m  were  so  poor  that  there  is  no  solid 
basis  for  doing  so  here.  (See  Marshall  1971,  for  a  discussion 
of  pelagic  zonation  with  respect  to  the  vertical  distributions 
of  various  families  of  deep-sea  fishes.)  These  strata  can  be 
characterized  by  maximum  abundance  of  one  or  more 
species  groups  (except  for  the  deepest  stratum  in  late  sum¬ 
mer),  overall  abundance,  total  group  abundance,  numbers 
of  species  groups,  numbers  of  species,  abundant  species, 
species  diversity  and  evenness,  and  mean  size  of  specimens 
for  the  constituent  50-m  intervals  (Table  134). 

Cluster  analyses  of  samples  (based  upon  correlation  coef¬ 
ficients  of  species  abundances)  supported  the  recognition  of 
these  four  strata.  Few  samples  from  the  deepest  stratum 
were  included  in  the  cluster  analyses,  because  catch  rates  of 
most  deep  samples  were  too  small  to  meet  the  abundance 
criterion  (at  least  10  specimens)  to  be  included  in  the 
analyses. 

('.lusters  of  samples  in  winter  were  from  451-500  m, 
601-650  m,  and  701-850  m;  in  late  spring  from  451-500 
m,  601-700  m,  and  deeper  than  750  m;  and  in  late  summer 
front  501-600  m.  625  m,  and  deeper  than  700  m. 

Day  451-600  m  Stratum. — The  50-m  intervals  com¬ 
prising  the  451-600  m  stratum  were  characterized  by  the 
occurrence  of  the  maximum  abundance  of  one  or  two 
groups  at  each  season,  by  intermediate  total  and  combined 
group  abundances,  by  the  presence  of  relatively  few  species 
groups  and  species,  by  low  species  diversity,  by  moderate 
evenness,  and  by  the  relatively  small  mean  size  of  the 
specimens  caught  there  (Table  134). 

Notolychnus  valdiviae,  the  only  species  whose  maximum 
abundance  occurred  within  451-600  m  at  each  of  the  three 
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seasons,  was  the  dominant  species  in  this  stratum.  Of  the  Species  of  the  shallowest -dwelling  groups,  Wl)l,  SPD1, 

remaining  23  species  used  in  the  three  daytime  factor  and  SUDl,  had  their  peak  abundance  at  451-500  m  in 

analvses.  six  were  most  abundant  within  the  451-600  m  winter  and  late  spring  and  at  501-600  m  in  late  summer, 

stratum  at  one  of  the  three  seasons,  and  one,  Lobianchia  These  groups  consisted  of  one  to  four  species  each,  repre- 

ilofleini,  was  at  two  of  the  seasons  (and  possibly  at  all  three  seining  a  total  of  five  species  in  three  genera.  Again,  asso- 

seasons.  see  below).  eiation  of  SPD2  with  SPD1  adds  no  species  to  the  total.  In 

I  he  groups  w  ith  maximum  abundances  between  451  and  w  inter  and  late  summer  WD1  and  SUD  l  comprised  more 

600  m  (YVD1  and  VVD2:  SPD1;  and  SUDl)  consist  of  one  than  98  percent  of  the  combined  group  abundance  at  45  1  - 

to  four  species  each,  representing  a  total  of  seven  species  in  500  m  and  501-600  in,  respectively.  In  late  spring,  SPD1 

five  genera.  SPD2  might  be  regarded  as  belonging  with  and  SPD2  contributed  about  93  percent  of  the  total  at  45 1- 

SPD1;  no  species  are  added,  the  two  groups  bad  nearly  500  in.  Dominance  of  few  species  was  reflected  in  the  low- 

identical  vertical  ranges  and,  although  SPD2  was  most  abun-  diversity  index  and  low  evenness  (Table  1 34).  These  groups 

(lain  at  601-650  m.  it  was  only  slightly  less  abundant  at  were  intermediate  in  abundance,  W'Dl  contributing  little 

451-500  m.  where  SPD1  was  most  abundant.  The  factor  more  than  1 7  percent  of  the  abundance  of  all  winter  groups, 

loadings  of  SPD1  were  nearly  the  same,  but  of  opposite  SPD1  about  8  percent  and  SPD2  about  7  percent  of  late 

sign,  on  two  of  the  factors  (0.36  vs  —0.38),  the  smaller  spring  groups,  and  SUD  1  almost  27  percent  of  late  summer 

(0.36)  being  on  the  same  factor  on  which  the  species  com-  groups. 

prising  SPD2  had  their  highest  loadings.  The  species  comprising  the  shallowest  groups  (SPD2  in- 

Table  138. — Vertical  distribution  (in  50-tn  intervals)  of  daytime  late  spring  catch  rates  by  species 
(numbers  =  catch  rates  of  specimens  per  hour;  dash  =  no  specimens  of  the  species  taken). 

1(51-  551-  601-  651-  751-  851-  951-1051-1101-1151-1201 
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eluded)  wen*  Xotnlychnus  valdiviae  and  Lobianchia  dojleini  at 
all  three  seasons.  /..  gemellarii  at  the  two  seasons  when  it 
was  abundant  enough  to  be  included,  and  two  species  of 
Diaphus,  D.  rafmesquii  and  D.  mollis,  each  at  one  season 
(  Tables  Chi.  138.  140).  Of  these,  A’,  valdiviae  was  by  lar 
the  most  abundant  at  all  three  seasons,  ranking  third  or 
sixth  at  each  season  and  accounting  for  more  than  70 
percent  of  the  combined  group  abundance  at  451-500  m 
in  winter  and  at  501-000  in  in  late  summer,  and  about  65 
percent  at  451-500  m  in  late  spring.  Lobianchia  doflemi 
ranked  among  the  eight  most  abundant  lanternfishes  during 
the  dav  in  late  spring  and  late  summer,  and  was  13th  in 
winter.  Diaphus  mollis  was  the  eighth  most  abundant  species 
in  late  summer.  The  othei  two  species,  L.  gemellarii  and  D. 
rafmesquii,  did  not  rank  among  the  top  ten  in  abundance 
during  the  dav  at  am  season. 

The  genera  Xotohchnus,  Lobianchia,  and  Diaphus,  which 
comprise  the  shallowest  groups,  appear  to  be  dominant  in 
shallow  groupings  in  manv  oceanic  areas.  Records  of  the 
vertical  distributions  of  these  three  genera  from  other  geo¬ 
graphical  areas  (Badeoek,  1970;  Goodyear  et  al.,  1972; 
Clarke.  1973:  Amesbury,  1975;  Badcock  and  Merrett, 
1976)  are  in  general  agreement  with  those  given  here. 
Amcsburv  (1375),  using  factor  analyses,  found  that  near 
Hawaii  .V  valdiviae,  L.  gemellarii,  and  several  species  of 
Diaphus  were  included  in  species  assemblages  whose  centers 
of  abundance  were  between  400  and  625  m. 

Another  group  associated  with  the  451-600  m  stratum, 
\V1)2,  was  most  abundant  in  winter  at  551-600  m.  It 
accounted  for  27  percent  of  the  total  group  abundance  at 
that  depth  (VVD3  was  twice  as  abundant  there,  despite  a 
deeper  maximum),  and  9  percent  of  the  combined  group 
abundance  in  w  inter.  Of  the  two  included  species,  Hygophum 
hygomii  was  the  most  abundant  species  at  that  depth  interval. 
Benlhosema  suhorbitale,  the  other  group  member,  was  not 
abundant  at  that  depth  (Table  136).  Hygophum  hygomii  was 
the  sixth  most  abundant  spec  ies  in  winter  (Table  131). 

Hygophum  henuili,  although  not  in  a  group  having  its 
maximum  abundant  e  at  45  1  -600  ill,  nevertheless  was  most 


abundant  at  501-550  m  in  winter.  It  ranked  fifth  in  abun¬ 
dance  in  winter. 

'I'he  combined  group  abundance  in  the  451-600  tn  stra¬ 
tum  was  38  percent  of  that  in  all  strata  in  winter,  21  percent 
in  late  spring,  and  nearly  25  percent  in  late  summer. 

1)av  601-700  M  Stratum. — The  50-m  intervals  within 
the  601-700  m  stratum  were  characterized  by  the  occur¬ 
rence  of  the  maximum  abundances  of  one  to  four  groups 
at  each  season,  by  the  highest  total  and  total  group  abun¬ 
dances  of  all  strata,  bv  the  presence  of  many  species  and 
species  groups,  bv  low  species  diversity,  bv  very  low  even¬ 
ness,  and  by  the  relatively  small  mean  size  of  the  specimens 
caught  there  (Table  134). 

At  each  of  the  three  seasons  both  the  most  abundant 
spec  ies  and  the  most  abundant  species  group  had  their  peak 
abundances  within  this  stratum.  Lampanyctus  pusillus  was 
the  most  abundant  mvetophid  in  the  601-700  m  stratum  in 
late  spring  and  late  summer,  and  Bolinichthys  indicus  was 
the  most  abundant  one  in  winter.  Diogenichthys  atlanticus 
was  most  abundant  within  this  stratum  in  both  winter  and 
late  summer.  Six  other  species  had  their  peak  abundances 
there  at  one  season. 

The  6  groups  with  maximum  abundances  between  601 
and  700  m  (WD3;  SPD2,  SPD3,  SPD4,  SPD5;  and  SUD2) 
consisted  of  2  to  4  species  each,  representing  a  total  of  1 1 
species  in  8  genera.  Of  the  six,  only  WD3,  SPD4,  and  SLID2 
were  very  abundant.  The  remaining  three  groups  each 
accounted  for  less  than  7  percent  of  the  total  group  abun¬ 
dance  in  all  strata  and,  collectively,  for  only  about  1 1 
percent  of  the  total  group  abundance  in  this  stratum  in  late 
spring  (Tables  135,  137,  139).  WD3,  SPD4,  and  SUD2 
were  the  most  abundant  species  groups  overall  in  their 
respective  seasons.  Despite  this,  none  of  the  three  groups 
dominated  the  abundance  at  any  depth  to  the  degree  (98 
percent)  that  WD1  did  at  451-500  m  in  winter  and  that 
SUD1  did  at  501-600  m  in  late  summer.  The  closest  was 
WD3,  which  was  the  most  abundant  group  at  any  season 
and  was  more  abundant  (167  specimens  per  hour)  than  any 
other  group  at  any  single  50-m  interval.  However,  even  at 


I  am  t  1  At*.  —  Vertical  distribution  (in  50-m  intervals,  except  last  column)  of  daytime  late  summer  catch 
rales  l>\  species  groups  (number  =  catch  rate  of  specimens  per  hour;  dash  =  no  specimens  of  the  species 
group  taken). 
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Tari.e  140. — Vertical  distribution  (in  50-m  intervals)  of  daytime  late  summer  catch  rates  by  species 
(numbers  =  catch  rates  of  specimens  per  hour;  dash  =  no  specimens  of  the  species  taken). 
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fid  1  -650  m,  VVD3  made  up  only  86  percent  of  the  combined 
group  abundance  in  winter  (Table  135).  SPD4  comprised 
about  72  percent  of  the  combined  group  abundance  at  601- 
700  tn  in  late  spring,  and  SUD2  nearly  74  percent  of  that 
at  601-650  m  in  late  summer  (Tables  137,  139). 

Group  WD3  coiif!'«ued  about  61  percent  of  the  abun¬ 
dance  of  all  groups  in  winter,  SPD4  about  42  percent  in 
late  spring  (SPD2,  3,  and  5  combined  about  1 1  percent), 
and  SUD2  about  37  percent  in  late  summer.  This  domi¬ 
nance  is  seen  in  the  low  species  diversity  and  the  low 
evenness,  the  former  in  spite  of  the  large  number  of  species 
taken  at  601-700  m  (Table  134). 

The  species  comprising  the  groups  with  maximum  abun¬ 
dance  at  60 1  -700  m  were  L.  pusillus  and  possibly  B.  indicus 
(see  below)  at  each  of  the  three  seasons,  Diogenichthys  atlan¬ 
ticus  in  winter  and  late  summer,  and  Diaphus  mollis,  D. 
metnpoclampus,  Hygophum  benoiti,  H.  hygomii,  Lampadena 
chavesi,  Lepidophanes  gaussi,  and,  possibly,  Lobianchia  do- 
Jleini  and  L.  gemellarii  at  only  one  season  (see  discussion  of 
SPI)2  in  “Day  451-600  in  Stratum").  Except  for  H.  benoiti, 
which  was  in  winter  group  WD3,  all  species  belonging 
during  only  one  season  in  groups  with  peak  abundances  at 
601-700  m  did  so  in  late  spring  (Table  138). 

Factor  analyses  indicated  that  B.  indicus  was  included  in 
\V'1)3,  SPD5,  and  SUD5,  but  not  in  SUD2.  Like  the  species 
comprising  SIJD2.  B.  indicus  was  most  abundant  at  601- 
650  m,  but  unlike  those  species  it  was  not  taken  at  shallower 
depths  and  had  a  secondary  [leak  in  abundance  at  801-850 


in.  The  other  species  in  SUD5  were  most  abundant  at  the 
latter  depth  (Table  140).  This  suggests  that  B.  indicus  was 
closely  associated  with  both  SUD2  and  SUD5.  Bolinichthys 
indicus  had  relatively  high  loadings  on  two  of  the  factors 
(0.35  and  0.43).  The  larger  one  was  on  the  factor  on  which 
the  other  species  of  SUD5  had  their  highest  loadings,  and 
the  smaller  one  was  on  the  factor  on  which  the  species  of 
SUD2  had  their  highest  loadings.  At  601-650  m,  B.  indicus 
was  represented  only  by  10-16  mm  juveniles,  and  at  801- 
850  m  mostly  by  subadults  and  adults  larger  than  25  mm. 
This  indicates  that  the  younger  and  older  stages  of  B.  indicus 
were  associated  with  different  species. 

Of  the  species  included  in  groups  with  maximum  abun¬ 
dance  at  601-700  m,  L.  pusillus  was  by  far  the  most  abun¬ 
dant  in  late  spring  and  late  summer,  and  B.  indicus  was  the 
most  abundant  in  winter;  the  two  were  the  most  abundant 
species  during  the  day  in  the  stated  seasons.  Only  in  late 
spring,  when  L.  pusillus  accounted  for  about  65  percent  of 
the  combined  group  abundance  at  601-700  m,  did  either 
species  dominate  the  catch  to  the  extent  that  N.  valdiviae 
did  within  the  shallow  stratum.  In  winter  B.  indicus  made 
up  about  37  percent  of  the  combined  group  abundance  at 
601-650  m.  Diogenichthys  atlanticus  was  the  second  most 
abundant  (23  percent)  lanternfish  in  winter  and  fourth  most 
abundant  (14  percent)  one  in  late  summer  in  the  601-700 
m  stratum,  file  abundance  of  all  three  species  combined  at 
601-700  m  made  up  about  80  percent  of  the  total  group 
catch  at  that  stratum  in  winter,  about  76  percent  in  late 


spring,  and  about  95  percent  in  late  summer.  The  remain¬ 
ing  species  included  in  groups  with  maximum  abundances 
at  601-700  m  each  at  counted  for  less  than  7  percent  of  the 
total  group  catch  there. 

Tlie  combined  group  abundance  in  the  601-700  m  stra¬ 
tum  was  5  I  percent  of  that  in  all  strata  in  winter,  44  percent 
in  late  spring,  and  58  percent  in  late  summer. 

Day  701-850  m  Stratum. — The  50-m  intervals  within 
the  701-850  m  stratum  were  characterized  bv  the  occur¬ 
rence  ot  the  maximum  abundance  of  two  or  three  groups 
at  each  season,  bv  intermediate  total  and  total  group  abun¬ 
dance.  bv  a  large  number  of  species  and  species  groups,  by 
high  species  diversitv.  bv  moderate  evenness,  and  b>  the 
moderate  mean  size  of  the  catch  (Table  184). 

Of  the  species  used  in  the  factor  analyses,  only  Lampan¬ 
yctus  cuprarius  was  most  abundant  within  this  stratum  at 
each  of  the  three  seasons.  Hygophum  benoiti  was  most  abun¬ 
dant  there  in  late  spring  and  late  summer,  Lampanyctus 
fe*tivu*  in  winter  and  late  summer  (and  also  in  late  spring, 
but  it  did  not  meet  the  abundance  criterion  at  that  season), 
and  /..  photonotus  in  winter  and  late  spring.  Seven  additional 
species  included  in  the  factor  analyses  were  most  abundant 
within  the  70  I  -850  m  stratum  during  onlv  one  of  the  three 
seasons. 

The  seven  groups  with  maximum  abundance  between 
701  and  850  m  (VVD4,  YVD5;  SPD6,  SPD7;  SUD3,  SUD4, 
and  SIT)5)  each  consisted  of  one  to  five  species,  represent¬ 
ing  a  total  of  12  species  in  seven  genera.  Only  SPD7  and 
SI  1)5  were  abundant:  SPD7  accounted  for  33  percent  of 
the  abundance  of  all  groups  combined  in  late  spring  and 
SI  1)5  for  nearly  23  percent  in  late  summer.  The  remaining 
five  groups  each  comprised  less  than  9  percent  of  the 
combined  group  abundance  at  their  respective  seasons. 
None  of  the  groups  dominated  the  abundance  at  any  depth 
to  the  degree  (98  percent)  that  WD1  did  in  winter  at  45  1  — 
500  m  and  SL  1)1  did  in  late  summer  at  501-600  m.  SPD7 
made  up  78  percent  of  the  combined  group  abundance  at 
751-800  m  in  late  spring  and  SL'D5  58  percent  of  that  at 
801-850  m  in  late  summer.  In  winter  the  most  abundant 
group  in  the  701-850  m  stratum  was  WD3,  despite  its 
shallower  abundance  maximum  (601-700  m).  WD3  was 
responsible  for  53  percent  of  the  combined  group  abun¬ 
dance  at  70  1  -850  m,  and  WD5,  the  second  most  abundant 
group  in  that  stratum,  accounted  for  about  21  percent. 
SPD7  was  the  second  most  abundant  of  all  late  spring 
groups,  SI  1)5  the  third  most  abundant  group  in  late  sum¬ 
mer.  and  VVD5  the  fourth  most  abundant  in  winter  (Tables 
135.  137.  139). 

I  he  spei  ies  comprising  groups  with  maximum  abun¬ 
dance  at  701-850  m  were  L.  cuprarius  and  L.  aler  at  each 
of  the  three  seasons  (L.  ater  was  most  abundant  below  850 
m  in  late  spring  and  late  summer,  see  Tables  138  and  140); 
/..  festivus  in  w  inter  and  late  summer;  L.  photonotus  in  winter 
and  late  spring;  H.  benoiti  in  late  spring  and  late  summer; 


C.eratoscopelus  imrmingii ,  C.  rnaderen  o'  and  Bolinichthys  in- 
dicus,  in  late  summer;  Lampadena  speculigera  and  Lepido- 
phanes  gaussi  in  winter;  and  Lampanyctus  crocodilus  and 
Diogenichthys  atlanticus  in  late  spring. 

In  winter  L.  cuprarius  and  L.  ater  were  the  two  most 
abundant  species  included  in  groups  with  maximum  abun¬ 
dance  at  701-850  m,  together  comprising  nearly  18  percent 
of  the  combined  group  abundance  at  that  stratum.  How¬ 
ever,  Bolinichthys  indicus,  the  most  abundant  species  overall 
in  winter,  was  the  dominant  species  in  that  stratum,  account¬ 
ing  for  26  percent  of  the  combined  group  abundance  there; 
but  it  belonged  to  WD3,  the  most  abundant  of  all  winter 
groups,  which  was  most  abundant  at  601-700  m.  Both 
Hygophum  benoiti  (WD3)  and  H  hygomii  (WD2)  also  were 
more  abundant  in  this  stratum  than  either  L.  cuprarius  or 
/..  ater  although  having  shallower  maximum  abundances. 
The  latter  two  species  ranked  ninth  and  eleventh  in  total 
abundance,  respectively,  in  winter. 

In  late  spring  Diogenichthys  atlanticus  and  L.  cuprarius 
were  the  two  most  abundant  species  within  the  701-850  m 
stratum,  the  first  accounting  for  about  32  percent  and  the 
latter  for  about  21  percent  of  the  combined  group  abun¬ 
dance  in  that  stratum.  Both  species  belong  to  SPD7,  the 
most  abundant  group  at  70 1  -850  m.  Diogenichthys  atlanticus 
ranked  second  in  overall  abundance  and  L.  cuprarius  fifth 
in  late  spring. 

In  late  summer  B.  indicus,  H.  benoiti,  and  Lampanyctus 
pusillus,  in  that  order,  were  the  three  most  abundant  species 
in  the  701-850  m  stratum,  collectively  accounting  for 
nearly  7 1  percent  of  the  combined  group  abundance  there. 
In  late  summer  B.  indicus,  the  fourth  most  abundant  species, 
accounted  for  nearly  29  percent  of  the  combined  group 
abundance  at  701-850  m.  Bolinichthys  indicus  belonged  to 
group  SUD5  (but  see  p.  154).  Hygophum  benoiti,  the  only 
species  in  SUD3.  comprised  nearly  25  percent  of  the  com¬ 
bined  group  abundance  at  701-850  m  and  was  the  most 
abundant  species  overall  in  late  summer.  Lampanyctus  pus¬ 
illus,  although  most  abundant  at  601-700  m  (as  was  its 
group,  SUD2),  made  up  about  25  percent  of  the  abundance 
of  all  groups  combined  at  701-850  m.  No  other  species 
accounted  for  as  much  as  9  percent  of  the  combined  group 
catch  at  that  stiatum,  C.  warmingii  being  the  most  abundant 
of  these  (Table  140). 

The  combined  group  abundance  at  701-850  m  was  about 
27  percent  of  that  in  all  strata  in  winter,  17  percent  in  late 
spring,  and  about  32  percent  in  late  summer. 

Day  Deeper  than  850  m  Stratum. — Within  the  deepest 
stratum  (below  850  m),  the  50-m  intervals  were  character¬ 
ized  by  the  occurrence  of  the  maximum  abundances  of  one 
or  no  groups,  by  very  low  overall  and  total  group  abun¬ 
dance,  by  very  few  species,  by  relatively  few'  species  groups, 
by  low  species  diversity,  by  high  evenness,  and  by  the 
relatively  large  mean  size  of  the  catch  (Table  1  34).  None  of 
the  species  used  in  the  factor  analyses  was  most  abundant 


within  thi'  'tritium  .11  .til  ol  the  three  seasons.  Lampanyctus 
ater  wit'  most  ahutulattt  there  in  late  spring  and  late  summer. 
C.  irarmingii  in  winter  and  late  spring,  and  Xotoscopelus 
resplendent.  L.  photonotus,  and  Benthosema  glaciate  in  late 
spring,  i  lie  last  spec  ies  was  most  abundant  in  this  stratum 
at  each  oil  lie  three  seasons  hut  tailed  to  meet  the  abundance 
c  rilerion  in  winter  or  late  summer. 

Onlv  two  groups.  YVD6  and  SPD8,  were  most  abundant 
in  die  deepest  stratum  Wild  consisted  ot  only  <■■  irarmingii, 
and  SPl)S  of  B.  glaciate  and  .V.  resplendent.  Neither  of  the 
two  groups  was  abundant:  both  contributed  less  titan  5 
percent  of  the  abundance  of  all  groups  combined.  In  winter 
\V1)6  was  the  dominant  group  in  the  deepest  stratum, 
ac  counting  lor  slightly  mote  than  7tt  percent  of  the  com¬ 
bined  group  abundance  there.  Although  each  was  repre¬ 
sented  below  Hot)  m,  none  of  the  other  winter  groups  was 
abundant  there  (Table  Ida).  In  late  spring SPD8  comprised 
nearly  2  I  percent  of  the  combined  group  abundance  below 
Sal)  m.  However.  SPD7  was  more  than  three  times  as 
abundant  in  that  stratum  (1)9  percent)  as  SPD8,  despite 
having  a  shallower  maximum  abundance  (  I  able  197).  In 
late  summer  members  of  all  groups  except  SL  DI  occurred 
below  Hat)  m  in  low  abundance  (  I  able  140). 

In  winter  onlv  (,.  xvarmingu  was  taken  in  any  abundance 
below  Sal)  m.  It  accounted  for  7(i  percent  of  the  combined 
group  c  atch  at  that  stratum  (  l  al)le  1  90)  and  was  the  seventh 
most  abundant  species  in  w  inter. 

In  late  spring  the  most  abundant  species  below  Sat)  m,  L. 
ntpranus,  nelongecf  to  a  group  with  peak  abundance  in  the 
701  -Sal)  m  st  rat  uni:  vet  it  accounted  for  40  percent  of  the 
combined  group  abundance  at  the  deeper  stratum,  or  about 
twice  that  of  B.  glaciate  and  X.  resplendens  combined.  The 
latter  two  species  comprised  SPI)8,  the  only  late  spring 
group  w  ith  maximum  abundance  below  850  m.  Lampanyctus 
aler  also  was  more  abundant  in  the  deepest  stratum  than 
either  spec  ies  inc  luded  in  SI’DS  (  I  able  19S). 

No  species  dominated  the  catch  below  850  m  in  late 
summer.  The  combined  group  abundance  below  850  m  was 
4  percent  of  that  at  all  strata  in  winter.  IS  percent  in  late 
spring,  and  5  percent  in  late  summer. 
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Ntc. 11 1  1 1  mi-  Spkcjks  Groups 

Six  to  eight  groups  per  season  were  recognized  from 
nighttime  data,  each  consisting  of  one  to  seven  species. 
Spec  ies  comprising  these  groups  accounted  for  82-94  per¬ 
cent  of  the  nighttime  abundance  of  all  lanternfishes  at  each 
of  the  three  seasons.  The  groups  and  their  constituent 
species  are  listed  In  season  in  order  of  increasing  depth  of 
maximum  abundance  in  Tables  141-146. 

At  night  most  species  and  species  groups  occurred  in  the 
upper  200  111.  A  few  regularly  migrated  to  the  very  surfac  e 
or  just  below  it,  but  the  upper  depth  limit  for  most  lantern- 
fishes  was  between  IS  and  100  m.  A  few  species  migrated 
onlv  up  to  200-500  m.  Several  species  consisted  of  both 
migrant  and  nonmigrant  individuals,  and  were  found  both 
tit  shallower  depths  and  at  daytime  depths  at  night.  The 
deeper  dwelling  individuals  were  usually,  but  not  always, 
recently  transformed  juveniles.  Most  other  nonmigrants 
were  larger  individuals  of  the  species  that  grow  to  a  rela¬ 
tively  large  size:  e.g..  Lampanyctus  cuprarius,  L.  ater,  and 
Diaphus  rafinesquii. 

The  compression  into  the  upper  200  m  resulted  in  a 
smaller  sc  ale  partitioning  of  the  water  column  at  night  than 
In  dav.  It  should  be  noted  that  sampling  at  night,  particu¬ 
larly  in  the  upper  100  til,  was  conducted  on  a  much  finer 
scale  than  either  daytime  or  deep  nighttime  sampling  (Fig¬ 
ures  I  -9),  which  may  have  allowed  for  detecting  the  smaller 
scale  partitioning  of  the  water  column  at  night.  However, 
few  dav  groups  had  their  depths  of  maximum  abundance 
within  the  same  50-m  interval,  and  the  finer  scale  partition¬ 
ing  of  the  water  column  at  night  probably  reflects  a  real 
compression  of  the  vertical  ranges  and  the  depths  of  maxi¬ 
mum  concentration  of  most  migrant  species. 

At  each  of  the  three  seasons  each  group,  except  for  SPN2 
and  SPN9,  had  a  unique  depth  of  maximum  abundance 
('Tables  141,  149.  and  145).  For  most  groups,  this  depth 
was  in  the  upper  100  111. 

'The  depths  of  maximum  abundance  of  the  eight  winter 
groups  were:  YVN1  at  the  surface,  WN2  at  IS  and  94  111, 
WN9  at  40  m  and  68  m  WN4  at  95  m,  WN5  at  150  m. 


I  am  K  1  tl.  —  Vertical  distribution  (in  111)  of  nighttime  winter  catch  rates  by  species  groups  (numbers  = 
1  atclt  rales  of  spc<  miens  jx-i  hour:  dash  -  no  specimens  of  the  spec  ies  group  taken). 
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I  AB1.K  1 42. — Vertical  distribution  (in  in)  of  nighttime  winter  catch  rates  by  species  (numbers  =  catch  rates 
ol  specimens  per  hour;  dash  =  no  specimens  of  the  species  taken). 
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Tabi  e  I  13. — -V’ertical  distribution  (in  m)  of  nighttime  late  spring  catch  rates  by  species 
groups  (numbers  =  catch  rates  of  specimens  per  hour;  dash  =  no  specimens  of  the  species 
group  taken). 
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W \fi  at  175  in,  VVN7  at  201-510  in  and  701-750  tn.  and  and  851-900  in.  WN4  was  nearly  as  abundant  as  WN5, 
VVN8  at  801-900  tn.  VVV3  was  the  most  abundant  group,  accounting  lor  about  27  percent  of  the  abundance  of  all 


and  accounted  lor  55  percent  the  abundance  of  all  groups 
combined.  It  was  the  most  abundant  group  at  40  in,  08  in. 


groups  combined.  It  was,  by  far,  the  most  abundant  group 
at  95  m.  (irottps  WN5  and  WN4  together  accounted  for 
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'T  able  144. — Vertical  distribuiion  {in  ni)  of  nighttime  late  spring  catch  rates  by  species 
(numbers  —  catch  rates  of  specimens  per  hour;  dash  =  no  specimens  of  the  species  taken). 
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Table  145. — Vertical  distribution  (in  m)  of  nighttime  late  summer  catch  rates  by  species 
groups  (numbers  =  catch  rates  of  specimens  per  hour;  dash  =  no  specimens  of  the  species 
group  taken). 
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88-100  port t*nt  of  the  combined  group  catch  at  68  ni,  95 
m,  and  I  00  111  (Table  1  4  1 ). 

In  late  spring  the  depths  of  maximum  abundance  For 
each  of  the  groups  were  as  follows:  SPN  1  at  the  surface, 
SPN2  and  NPVt  at  92-94  m.  SPN 4  at  100  m,  SPN 5  at 
501-550  111.  and  SP\6  at  751-800  m.  The  most  abundant 
group.  SPN 3,  accounted  for  nearly  58  percent  of  the  catch 
ol  all  groups  combined.  SPN3  made  up  about  93  percent 
for  the  total  group  catch  at  50  m  and  92-94  m,  the  entire 


catch  at  55  111,  and  about  57  percent  of  that  at  100  111.  SPN2 
probably  is  best  considered  a  part  of  SPN3.  SPN2  consisted 
only  of  Lampanyctus  crocodilus,  was  the  least  abundant 
group,  was  most  abundant  at  the  same  depth  as  SPN3,  and 
had  a  similar  overall  vertical  distribution  to  SPN3  (Table 
143). 

Tlie  seven  late  summer  groups  were  most  abundant  at 
the  following  depths:  SUN  1  at  the  surface,  SUN2  at  33  m, 
SUN 3  at  55  m,  SUN4at  65m,SUN5at  I  10-1  15  rn.SUNO 


Table  1-46. — Vertical  distribution  (in  in)  of  nighttime  late  summer  catch  rates  by  species  (numbers  =  catch 
rales  of  specimens  per  hours;  clash  =  no  specimens  of  the  species  taken). 
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L .  dof lei n i 

1 

- 

21 

13 

1 

“ 

* 

1 

- 

- 

“ 

D .  mollis 

- 

10 

10 
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2 
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- 
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- 

<1 

- 
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2 

18 

8 

13 
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10 

64 

22 

25 
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SUN7 

L.  cuprarius 

- 

- 

<1 

<1 

7 

2 

1 

<1 

5 

1 

1 

L .  crocod i 1  us 

- 

- 

- 

- 

<1 

<1 

1 

1 

- 

2 

1 

L.  ater 

1 

3 

;ti  <j.rrl-700  m,  and  SUN7  at  851-900  m.  SUN2  was  the 
most  abundant  group,  making  up  about  44  percent  of  the 
abundance  of  all  groups  combined.  This  group  was  respon¬ 
sible  for  90  percent  of  the  group  abundance  at  33  in  and 
about  55  percent  of  that  at  55  m,  and  was  by  far  the  most 
abundant  group  at  each  of  those  depths  (  Table  145). 

In  contrast  to  daytime,  abundance  at  night  was  greatest 
above  450  m.  with  about  45-61  percent  of  the  total  abun¬ 
dance  of  all  lanternllshes  concentrated  in  the  upper  100  m 
at  each  season  (Table  133).  Abundance  was  lowest  between 
about  300  tn  and  650  m.  Secondary  peaks  occurred  between 
about  651  and  950  m. 

Nk;ht  Depth  Strata 

The  witter  column  could  be  divided  on  the  basis  of  factor 
analyses  and  population  characteristics  into  the  following 
lour  strata:  the  surface,  it  shallow  stratum  from  about  20  m 
to  about  200  m,  an  intermediate  stratum  from  about  201 
m  to  about  600  m,  and  a  deep  stratum  between  about  601 


in  and  1000  m.  Except  for  the  surface,  the  limits  of  each  of 
the  strata  vary  from  season  to  season.  The  shallow  stratum 
could  be  subdivided  at  each  season.  However,  within  this 
.stratum  the  same  depths  were  not  sampled  at  each  season, 
the  subdivisions  for  each  season  were  unique,  and  few  if 
any  general  patterns  were  evident. 

The  strata  could  be  characterized  by  the  maximum  abun¬ 
dance  of  one  or  more  groups  (except  for  the  intermediate 
stratum  in  late  summer),  total  abundance,  total  group  abun¬ 
dance,  numbers  of  species  groups,  numbers  of  species, 
abundant  species,  species  diversity,  evenness,  and  mean  size 
of  specimens  (Table  134). 

Cluster  analyses  of  samples  (based  upon  correlation  coef¬ 
ficients  of  species  abundance)  supported  the  recognition  of 
these  strata.  Most  samples  made  at  the  intermediate  depths 
were  not  included  in  the  analyses  because  they  failed  to 
meet  the  abundance  criterion.  I  have  chosen  to  group  them 
together  on  the  basis  of  their  low  abundance  of  lantern- 
fishes. 

In  winter,  clusters  of  samples  were  from  the  surface,  18 
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and  3  1  111.  <>8-173  iii.  and  SO  I  -9(1(1  m.  Tlu*  OS-17')  m 
c  liisu-i  consisted  at  time  subsets:  one  .it  OS  m.  one  at  93- 
100  in.  and  a  third  at  I  30-  I  73  in.  l.ale  spring  samples  were 
di\ ided  among  (  lusters  at  the  sin -fare,  at  30-01  in.  at  100- 
130  m.  and  at  730-830  in.  In  late  summer  clusters  were 
Irom  33-00  in.  100-178  m.  and  deeper  than  030  hi. 
Although  none  ol  the  surface  samples  nr'de  in  late  summer 
met  the  abundance  criterion,  it  can  be  assumed  that  thev 
would  duster  together,  as  the  only  species  taken  in  am 
abundance  in  neuston  samples.  Gouichthys  cocci)  and  Mycto- 
pliiim  mtululum,  were  grouped  together  m  the  factor  anal- 

V  St’S. 

Nlc.lll  Si  R fact  S  i  ra  i  I'M. —  I  he  surface  stratum  was 
c  h.irai  let  i/ed  b\  the  occurrence  ol  the  maximum  abun¬ 
dance  ol  one  group  at  cat'll  season,  bv  intermediate  total 
and  total  group  abundances,  bv  the  presence  ol  only  one  or 
two  species  groups  and  ol  few  species,  and  bv  low  species 
diversity  and  eveness  (  I  able  13  1).  The  maximum  abun¬ 
dance  ol  two  species,  Gouichthys  cocco  and  Myctophum  mti- 
dttlum  oc  urred  at  the  surface  at  eac  h  of  the  three  seasons. 
( )l  the  remaining  28  spec  ies  used  in  the  nighttime  factor 
analyses,  one.  Gentrobrauchus  mgroocellatus,  was  most  abun¬ 
dant  at  the  surface  at  each  of  the  three  seasons  but  met  the 
abundance  c  riterion  only  in  winter  and  late  spring,  Ilygo- 
phum  reinhurdtii  was  most  abundant  at  the  surface  only  in 
w inlet .  1  'bis  species  was  not  included  in  the  fac  tor  analyses 
at  the  other  two  seasons. 

I  he  groups  with  maximum  abundances  at  the  surface 
t\\  \  I .  SI'M.  and  SI  N  1 )  consisted  of  two  to  four  species 
eac  h.  representing  a  total  of  lour  spec  ies  in  tour  genera.  At 
each  ol  the  three  seasons  the  group  with  maximum  abun¬ 
dance  at  the  surface  comprised  at  least  99  percent  of  the 
c  ombined  group  c  ate  li  there.  ( )nly  in  winter  was  more  than 
one  gioiip  represented  in  the  surface  stratum.  This  domi¬ 
nance  of  few  species  was  reflected  in  the  relatively  low 
diversilv  and  evenness. 

I  be  spec  it  s  making  up  the  surfac  e  groups  were  Gouichthys 
(occo  and  Myctophum  mtululum  at  all  three  seasons,  C.entro- 
brauchus  mgroocellatus  in  winter  and  late  summer  spring, 
and  llygophum  reinhardtii  in  w  inter  (  f  ables  112,  H  I,  l  ib). 
Gouichthys  cocco  was  the  dominant  surface'  species  at  each 
season,  making  up  about  62-71  percent  of  the  abundance 
of  all  groups  occurring  at  the  surface.  Gouichthys  cocco  was 
the  fourth  most  abundant  lantcrnfish  in  late  spring,  eighth 
m  w  inter,  and  ninth  in  late  summer.  Ol  the  remaining  three 
species  belonging  to  surface  groups,  only  G.  mgroocellatus , 
which  ranked  eighth  in  abundance  in  late  summer,  was 
inc  lude  cl  among  the  10  most  abundant  lantcrnlishes  at  am 
season. 

In  I, He  spi  ing  Myctnphum  punctatum  barely  met  the  abun¬ 
dance  c  t  itcrion  and  did  not  have  a  loading  as  high  as  0.1 
on  am  ol  the  lac  lots.  It  was  most  abmida.il  at  the  surface 
and  piobubb  was  part  of  the  surface  group.  However, 
bee  ause  of  its  low  abmid.mc  e  and  very  low  fac  lor  loadings. 


it  was  not  included  in  am  of  the  spec  ies  groups  and  was  not 
c  onsidcrcd  further. 

None  ol  the  species  comprising  the  surface  groups  was 
included  in  he  daytime  analyses.  All  failed  to  meet  the 
abundance  criterion,  and  little  can  be  determined  about 
their  daytime  depth  distributions  except  that  thev  were 
taken  between  .300  and  830  in. 

Dt-vanv  ( 1  9b9)  noted  that  the  four  spec  ies  inc  luded  in  the 
surface  groups  near  Bermuda  also  formed  part  ol  a  '■noc¬ 
turnal  surface  community'’  in  the  Straits  ol  Florida.  Also 
included  in  Devanv's  community  were  other  species  ol 
Myctophum,  two  species  of  Diaphus,  and  Symbulophorus  rufi- 
nus.  ( )f  these,  only  Diaphus  did  not  occ  ur  at  the  surface 
during  the  night  near  Bermuda. 

The  combined  group  abundance  in  the  surface  stratum 
v-us  b  percent  of  that  in  all  strata  in  winter.  If)  percent  in 
late  spring,  and  20  percent  in  late  summer. 

\  k.i it  20-200  m  Stra  it  m. —  The  30-m  intervals  w  ithin 
the  shallow  stratum  were  characterized  bv  the  occurrence 
of  the  maximum  abundances  ol  three  to  five  groups  at  each 
season,  bv  the  highest  total  and  total  group  abundances  for 
all  strata,  by  the  presence  of  many  species  and  species 
groups,  bv  high  diversity  and  evenness,  and  by  the  relatively 
small  mean  si/e  of  specimens  caught  (Table  134).  Twenty- 
live  spec  ies  were  most  abundant  within  the  shallow  stratum 
during  at  least  one  season.  Fight  ol  these  (,V otolychnus  val- 
(Inuae,  Lampanyctus  pusillus,  L.  festivus,  L.  photonotus,  Dia¬ 
phus  mollis,  l.obianchia  dofleini,  llolinichtkys  indicus,  and  Ger- 
atoscnpelus  warmingii)  were  most  abundant  within  the  shal¬ 
low  stratum  at  all  three  seasons.  An  additional  five  species 
were  most  abundant  in  the  shallow  stratum  at  two  of  the 
seasons. 

In  late  spring  and  late  summer  the  most  abundant  spec  ies 
group  bad  its  maximum  abundance  in  the  shallow  stratum, 
and  in  winter  the  most  abundant  group  had  two  nearly 
equal  peaks  in  abundance,  one  in  the  shallow  stratum  and 
one  in  the  deep  stratum  ("Fables  141,  143,  143).  I  he  most 
abundant  spec  ies  had  its  maximum  abundance  in  the  shal¬ 
low  stratum  only  in  late  spring. 

'Flic  12  groups  with  maximum  abundance  in  the  shallow 
stratum  (W\2,  3,  4,  3  and  b;  SPN  2,  3.  and  4;  and  SI  X  2, 
3.  4,  and  3)  eac  h  consisted  of  one  to  seven  species,  repre¬ 
senting  a  total  of  23  species  in  12  genera.  Groups  YVN2, 
W  VI.  SPVi,  and  SI  \2  were  very  abundant,  each  ac  count¬ 
ing  lor  27-70  percent  of  the  total  group  abundance  in  their 
respective  seasons.  Groups  YV\2,  WN3,  SPN4,  Sl:\3,  and 
SI  VI  were  moderately  abundant,  each  comprising  7-1.3 
percent  of  the  total  group  abundance.  Of  these  groups  only 
VVN.3  had  a  total  abundance  ol  less  than  3b  specimens  per 
hour  (  Fable  1  4  1 ).  File  remaining  three  groups  made  up  1  - 
3  percent  ol  the  total  group  abundance.  File  most  abundant 
group  at  eac  h  season,  VV\3,  SPN3,  and  SI  N2,  comprised 
about  33  percent  of  the  abundance  of  all  groups  combined 
in  w  inlet,  about  38  percent  in  late  spring,  and  about  44 
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percent  in  late  summer,  respectively.  SPN3  comprised  tile 
t-iH ire-  group  abundance  at  55  in  in  late  spring  (  Table  143). 
Otherwise,  none  of  these  groups  dominated  the  catch  at  a 
specific  dept  1 1  as  i  ompletely  as  VV  \  1 ,  SP\  1 ,  and  SU  N  1  did 
at  the  sui  fat  e  (99-  1 00  percent).  SPN3  also  comprised  about 
95  percent  ol  the  total  group  abundance  at  60  m.  SL  ,'N2 
was  responsible  for  about  90  percent  of  the  total  group 
abundance  at  33  til  in  late  summer  ('Table  145).  Another 
group.  \V.\2.  one  of  the  moderately  abundant  groups  with 
a  peak  in  the  shallow  stratum,  accounted  for  nearly  the 
entire  catch  at  34  m  in  winter  (  Table  141). 

Ill  winter  the  five  groups  with  maximum  abundances  in 
the  shallow  stratum  accounted  for  98  percent  of  the  com¬ 
bined  group  catch  there.  The  most  abundant  group  in  that 
stratum,  VVN4.  made  up  about  37  percent  of  the  combined 
group  catch  there.  Hitch  of  the  five  groups  had  its  peak 
abundance  at  a  different  depth.  Groups  WN3  and  4  were 
most  abundant  within  the  same  50-m  interval  (51-100  m), 
but  the  former  was  most  abundant  at  40  m  and  68  m  and 
the  latter  at  95  m  (  Table  141). 

In  late  spring  the  three  groups  with  maximum  abundance 
in  the  shallow  stratum  made  up  more  than  99  percent  of 
the  total  group  abundance  there.  SPN3  accounted  for 
nearly  80  percent  of  the  combined  group  abundance  in  that 
stratum  and  SPN4  for  almost  all  of  the  rest.  The  integrity 
of  SPN2  as  a  group  is  somewhat  dubious.  'The  group  con¬ 
sisted  only  of  Lampanyctus  crocodilus,  which  was  not  abun¬ 
dant.  It  had  an  overall  vertical  distribution  similar  to  that 
of  Lampanyctus  pusillus  and  Dwgenichthys  atlanticus,  botli  of 
whic  h  belonged  to  SPN3  (Table  144).  Lampanyctus  crocodi¬ 
lus  had  a  fairly  high  loading  (0.4)  on  t fie  same  factor  as  the 
species  of  SP\3  did,  hut  had  an  even  higher  one  (0.8)  on 
another  fac  tor  on  which  no  other  species  had  a  high  loading. 

'The  four  late  summer  groups  with  maximum  abundance 
in  the  shallow  stratum  accounted  for  85  percent  of  tfie 
combined  group  abundance  there.  SUN2  was,  bv  far,  the 
most  abundant  group  in  that  stratum  accounting  fora  little 
more  than  62  percent  of  the  combined  group  abundance. 
The  remaining  three  groups  each  contributed  less  than  10 
pen  eni  of  the  combined  group  catch  in  t  he  shallow  stratum. 
The  second  most  abundant  group  there,  SUN6,  accounted 
for  about  I  9  pen  cm  of  t fie  combined  group  abundance  but 
was  most  abundant  in  die  deep  stratum.  SI  \3  and  4  were 
most  abundant  at  51-100  m,  but  the  first  group  had  its 
peak  abundance  at  55  ill  and  the  second  at  65  m  (  Table 
I  15). 

At  all  three  seasons  each  of  the  groups  with  maximum 
abundance  in  the  shallow  stratum  was  most  abundant  be¬ 
tween  I  8  and  I  75  in.  Only  3  of  the  1 2  groups,  WN’5,  WN6, 
St  \5,  had  their  highest  abundanc  es  below  I  00  m,  and  one 
ol  these.  St  N 5.  was  most  abundant  just  below  100  in  (I  10- 
I  I  5  m). 

I  he  groups  with  their  highest  abundances  in  t fie  shallow 
stratum  included  23  spec  ies.  of  which  the  following  9  were 


members  of  such  groups  at  each  of  the  3  seasons:  Xotoly- 
ehnus  valdiviae,  Lampanyctus  pusillus,  L.  photonotus,  L.  festi- 
vus,  Ceratoscopelus  warmingii,  Diogenichthys  atlanticus,  Lo- 
bianchia  dofleini ,  Diaphus  mollis,  and  Bolimchthys  indicus.  Of 
these  nine,  l).  atlanticus  dici  not  have  its  maximum  abun¬ 
dance  in  the  shallow  stratum  at  each  of  the  three  seasons;  it 
was  most  abundant  there  in  late  spring  and  late  summer 
and  in  the  deep  stratum  in  winter  (  Tables  142,  144,  146). 
Benthosema  suborbitale,  Hygophum  benuili,  H.  hygomil,  Lepi- 
dophanes  guentheri,  and  Lobianchia  gemellani  had  their  max¬ 
imum  abundances  in  t fie  shallow  stratum  in  two  of  the 
seasons;  only  the  first  three  occurred  in  abundance  there 
during  at  least  one  season.  Nine  species  had  their  maximum 
abundances  in  t lie  shallow  stratum  during  only  one  season. 
Among  these,  only  L.  gaussi  in  late  summer  was  abundant 
there. 

The  combined  group  abundance  in  the  shallow  stratum 
was  59  percent  of  that  from  all  strata  in  winter,  57  percent 
in  late  spring,  and  64  percent  in  late  summer. 

Night  Upper  50-m  Interval:  Groups  WN2,  WN3,  and 
SI  N2  had  their  highest  abundance  in  the  upper  50  m  of 
the  shallow  stratum  ('Tables  141,  145).  In  winter  WN2  was 
about  equally  abundant  at  18  m  and  34  m  and  comprised 
more  than  90  percent  of  the  total  group  abundance  at  the 
two  depths.  More  than  90  percent  of  WN2  occurred  be¬ 
tween  I  8  m  and  50  m.  YVN3  had  one  peak  in  abundance  at 
40  m,  but  was  also  abundant  at  68  in,  95  m,  100  m,  and 
851-900  in  ('Table  141).  In  terms  of  50-m  intervals,  WN3 
was  most  abundant  at  51-1 00  m  and  851-900  til.  The  peak 
at  40  in  was  mostly  due  to  two  species  that  were  the  most 
abundant  ones  at  that  depth,  despite  both  having  deeper 
maxima.  The  other  three  species  included  in  YVN3  were 
most  abundant  at  68  m  (Table  142).  SUN2  was  most  abun¬ 
dant  at  33  m,  at  which  depth  it  comprised  about  90  percent 
of  the  total  group  abundance  in  late  summer  (Table  14a); 
about  56  percent  of  SUN2  was  from  33  m. 

In  kite  spring  no  discrete-depth  samples  were  made  be¬ 
tween  the  surface  and  50  til.  Although  no  group  was  most 
abundant  at  50  m  in  kite  spring,  it  is  possible  that  one  or 
more  groups  were  most  abundant  between  the  surface  and 
50  m. 

Groups  WN2  and  SUN2  had  no  species  in  common,  and 
VVN3  and  SUN2  both  contained  Benthosema  suborbitale. 
This  species  was  most  abundant  at  33  in  in  late  summer, 
when  it  was  bv  far  most  abundant,  and  at  68  m  in  winter. 

Tight  species  had  their  highest  abundances  in  the  upper 
50  in  and  an  additional  three  had  abundances  close  to  their 
highest.  No  species  was  most  abundant  in  the  upper  50  til 
during  more  than  one  season. 

In  winter  //.  benuili,  the  only  species  included  in  WN2, 
was  most  abundant  at  I  8  m  and  at  34  in,  where  it  accounted 
for  more  than  84  percent  of  the  total  group  abundance. 
Ihgophum  benmti  was  also  the  most  abundant  myctophid  at 
50  m.  At  18  m  //.  hygnmii  also  was  take : i  in  maximum 
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abundance,  but  accounted  for  little  more  than  13  percent 
of  the  total  group  abundance  at  that  depth.  At  40  m 
warmingii  was  taken  in  maximum  abundance  (Table  142) 
but  was  less  abundant  in  the  whole  upper  50  in  than  at 
some  deeper  50  m  interval. 

In  late  spring  L.  dofleini  was  most  abundant  in  the  upper 
50  m  of  the  shallow  stratum.  Although  L.  dofleini  accounted 
for  nearly  90  percent  of  the  total  group  abundance  at  50 
m.  it  was  included  in  SPN3,  which  had  a  peak  abundance 
at  92-94  in.  l.ampanyctus  crocodilus,  the  only  species  in 
SPN2  (see  the  discussion  of  the  entire  20-200  m  stratum  in 
late  spring),  occurred  in  maximum  abundance  at  50  m,  but 
was  not  very  abundant  (Table  144). 

In  late  summer  B.  suborbitale,  N.  valdiviae,  L.  gaussi,  and 
/..  pusillus  all  were  most  abundant  at  33  m.  Notolychnus 
valdiviae  was  by  far  the  most  abundant  one  at  that  depth, 
c  ontributinga  little  more  than  40  percent  of  the  total  group 
abundance  there.  These  four  species  made  up  SPN2,  which 
accounted  for  slightly  more  than  90  percent  of  the  total 
group  abundance  at  33  ill  (  Table  146). 

Night  51-100  m  Interval:  Six  groups  (neglecting  SPN2), 
two  at  each  season,  had  their  maximum  abundance  between 
51-100  in.  In  late  summer  only  SUN3  was  most  abundant 
at  55  in.  However,  the  most  abundant  group  at  that  depth 
was  SI  V2,  which  contributed  about  55  percent  of  the 
combined  group  abundance  there,  while  SUN3  accounted 
for  21  percent.  SL  N3  was  moderately  abundant,  compris¬ 
ing  about  7  percent  of  the  abundance  of  all  late  summer 
groups  combined  (Table  1  45). 

\VN3  and  SLN4  both  had  their  peak  abundances  be¬ 
tween  65  and  70  til,  the  former  at  68  m  in  winter  and  the 
latter  at  65  m  in  late  summer  ('Tables  141,  145).  WN3,  the 
most  abundant  winter  group,  was  discussed  under  the  upper 
50-in  interval.  SL  N4  consisted  only  of  Diogenichthys  atlan- 
lirus.  Although  I).  atlanticus  also  belonged  to  WN3,  it  was 
most  abundant  in  the  deep  stratum  in  winter  (Table  142). 
\V\3  accounted  for  about  73  percent  of  the  combined 
group  abundance  at  68  m  and  for  nearly  33  percent  of  the 
overall  abundance  of  all  groups  combined  in  winter.  SUN4 
made  up  about  78  percent  of  the  combined  group  abun¬ 
dance  at  65  m  and  almost  8  percent  of  the  overall  abun¬ 
dance  of  all  groups  combined  in  late  summer. 

WN4  and  SPN3  both  were  most  abundant  between  92 
and  95  in,  and  were  the  dominant  groups  at  that  depth  in 
w  inter  and  late  spring,  respec  tively.  VVN4,  the  second  most 
abundant  winter  group,  ac  counted  for  72  percent  of  the 
combined  group  abundance  at  95  m  and  for  27  percent  of 
the  abundance  of  all  groups  combined  (  Table  141).  SPN3, 
the  most  abundant  late  spring  group,  comprised  92  percent 
of  die  combined  group  abundance  at  92-94  m,  and  for 
near i\  58  percent  of  the  abundance  of  all  groups  combined 
(  I  able  I  13). 

Two  groups,  SPN4  and  SI  N5,  had  their  maximum  abun¬ 
dant  es  at  I  00  m  and  I  i  0- 1  I  5  m.  respectively.  In  late  spring 


although  SPN4  had  its  peak  abundance  at  100  in,  SPN3 
was  the  most  abundant  group  at  that  depth,  contributing 
about  57  percent  of  the  combined  group  abundance  there 
(  Table  143).  SPN4  accounted  for  nearly  43  percent  of  the 
combined  group  abundance  at  100  m  and  about  14  percent 
of  the  overall  abundance  of  all  groups  combined.  In  late 
summer  SUN5  and  SUN6  were  equally  abundant  at  110- 
1 15  m,  together  making  up  about  80  percent  of  the  group 
abundance  there  (Table  145).  SUN6,  however,  was  much 
more  abundant  in  the  deep  stratum.  SUN5  accounted  for 
little  more  than  5  percent  of  the  overall  total  group  abun¬ 
dance  in  late  summer. 

Twenty-two  species  had  their  peak  abundances  between 
55  m  and  100  m  during  at  least  one  season.  'Two  of  these, 

warmingii  and  D.  mollis,  were  most  abundant  there  during 
each  of  the  three  seasons.  Although  it  was  most  abundant 
at  I  10-1  15  m  in  late  summer,  B.  indicus  probably  also  can 
be  considered  among  the  species  with  peak  abundance  at 
55-100  m  at  till  three  seasons. 

In  winter  H.  hygomii,  B.  suborbitale,  and  N.  caudispinosus 
all  had  their  greatest  abundances  at  68  m,  but  none  of  the 
three  was  verv  abundant  there.  Their  combined  abundances 
comprised  only  19  percent  of  the  total  group  abundance  at 
that  depth.  Ceratoscopelus  warmingii,  D.  atlanticus,  and  ,V. 
valdiviae  were  each  more  abundant  than  the  above  three 
species  combined,  despite  having  maxima  at  other  depths 
(Table  142).  Six  of  the  seven  species  included  in  WN4  had 
their  maximum  abundance  at  95  m,  but  only  B.  indicus  and 
N.  valdiviae  were  abundant  (Table  142);  the  latter  two 
species  accounted  for  nearly  45  percent  of  the  total  group 
abundance  there.  Ceratoscopelus  warmingii  and  D.  atlanticus 
(both  in  WN3)  were  each  more  abundant  at  that  depth  than 
four  of  the  species  included  in  WN4.  At  100  m  C.  warmingii 
was  the  most  abundant  species  and  accounted  for  32  percent 
of  the  total  group  abundance  there  (Table  142),  although 
it  was  most  abundant  at  40  in. 

In  late  spring  no  species  had  its  maximum  abundance  at 
55  in.  The  most  abundant  species  at  that  depth,  L.  dofleini, 
had  its  greatest  abundance  at  50  m  and  belonged  to  SPN3, 
which  was  most  abundant  at  93  m  (Table  144).  Except  for 
/..  dofleini,  each  species  belonging  to  SPN3  was  most  abun¬ 
dant  at  93  in.  Four  of  the  included  species  (L.  pusillus,  D. 
atlanticus,  C.  warmingii,  and  N.  valdiviae)  were  abundant, 
together  accounting  for  76  percent  of  the  total  group 
abundance  there  (L.  dofleini  accounted  for  an  additional  10 
percent).  All  the  species  included  in  SPN4  had  peak  abun¬ 
dances  at  100  m,  but  none  were  very  abundant.  The  two 
most  abundant  species  at  that  depth,  N.  valdiviae  and  L. 
dofleini,  belonged  to  SPN3  and  had  their  peak  abundances 
at  shallower  depths;  even  these  species  were  not  very  abun¬ 
dant  at  100  in  (  Table  144). 

In  late. summer  all  four  species  of  SUN  3  had  their  greatest 
abundances  at  55  m.  Even  the  most  abundant  of  the  four, 

warmingii,  was  not  verv  abundant.  Despite  a  shallower 
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maximum,  the  diminutive  A.  vaidiviae  was,  bv  far,  the  most 
abundant  species  at  55  m,  being  more  abundant  than  all  of 
group  SUN3  (  Table  146).  Diogenichthys  atlanticus  and  C. 
warmingii  were  second  in  abundance  at  55  m.  However,  l). 
atlanticus  had  its  peak  abundance  at  65  in,  where  it  was  the 
most  abundant  species  and  comprised  78  percent  of  the 
total  group  abundance  there  (  Table  146).  At  90  m  three  of 
the  four  species  in  S l  N 6  (L.  dofleini,  D.  mollis,  and  L. 
guentheri)  had  their  greatest  abundances:  none  was  very 
abundant.  The  most  abundant  species  at  that  depth,  C. 
warmingii,  had  its  peak  abundance  at  a  shallower  depth.  No 
species  group  had  its  highest  abundance  at  90  ni.  (However, 
see  p.  1 64  concerning  //.  benoiti  and  its  relation  to  the  other 
three  species  included  in  SL'N'6.)  Bolinichthys  indicus,  one  of 
the  three  species  comprising  SUN5.  was  most  abundant  at 
110-11  5  m.  but  was  not  very  abundant.  This  species  made 
up  31  percent  of  the  total  group  abundance  at  that  depth 
(Table  146). 

Night  150-200  m  Interval:  WN5  and  VVN6  had  their 
maximum  abundances  at  150  m  and  175  m,  respectively. 
The  latter  group  was  uncommon  even  at  175  m  and  ac¬ 
counted  for  less  than  1  percent  of  the  total  group  abundance 
in  winter.  WN5  was  not  verv  abundant  either,  but  ac¬ 
counted  for  slightlv  more  than  7  percent  of  the  total  group 
abundance:  it  comprised  about  39  percent  of  the  total  group 
abundance  at  150  m  and  was  only  slightly  less  abundant 
than  WN4.  the  most  abundant  group  at  that  depth  (Table 
I  II).  In  late  spring  and  late  summer  no  group  had  its 
maximum  abundance  within  this  interval. 

Night  201-600  \t  Stratum. — The  50-m  intervals 
within  the  intermediate  stratum  were  characterized  by  the 
occurrence  of  the  maximum  abundances  of  zero  to  two 
groups  at  each  season;  the  lowest  total  and  total  group 
abundances  for  all  strata;  the  presence  of  relatively  few 
species  and  of  an  intermediate  number  of  species  groups; 
intermediate  diversity;  high  evenness;  and  the  relatively 
large  mean  size  of  the  specimens  (Table  1  34).  No  species 
was  very  abundant  in  the  stratum.  Only  three  species  had 
their  highest  abundances  there,  Diaphus  metopoclampus  and 
Lampanyctus  rupraritts  in  winter,  and  Diaphus  rafmesquii  in 
late  spring  (  Tables  142,  144). 

The  two  groups  with  maximum  abundances  in  the  inter¬ 
mediate  stratum  (VVN7  and  SPN5)  each  consisted  of  one  or 
two  species,  representing  a  total  of  three  species  in  two 
genera.  Neither  group  accounted  for  more  than  6  percent 
of  the  combined  group  abundance  in  their  respective  sea¬ 
sons.  In  the  intermediate  stratum  in  winter  WN7  contrib¬ 
uted  slightly  mote  than  36  percent  of  the  total  group 
abundance  (  I  able  141).  SPN5  comprised  nearly  75  percent 
of  the  total  group  abundance  in  the  intermediate  stratum 
in  late  spring  (  Table  143). 

In  winter  /..  cuprarius  and  />.  metopoclampus,  the  two 
spec  ies  forming  VVN7,  were  most  abundant  at  201-350  m 
and  at  701-750  m,  respectively  (  Table  142).  In  late  spring 


D.  rafmesquii,  the  onlv  species  included  in  SPN5,  had  its 
highest  abundance  at  501-550  in  (  Table  144). 

The  combined  group  abundance  in  the  intermediate 
stratum  was  14  percent  of  that  of  all  strata  in  winter,  and  5 
percent  in  late  spring  and  late  summer. 

Night  601-1000  m  Deep  Stratum. —  The  50-m  inter¬ 
vals  within  the  deep  stratum  were  characterized  by:  the 
occurrence  of  the  maximum  abundances  of  one  or  two 
groups  at  each  season,  intermediate  total  abundances  and 
total  group  abundances,  the  presence  of  an  intermediate 
number  of  species  and  of  a  large  number  of  species  groups, 
intermediate  diversity,  low  evenness,  and  the  smallest  mean 
size  of  specimens  of  all  strata  (Table  134).  In  winter  and 
late  summer  the  most  abundant  species  had  its  highest 
abundance  in  this  stratum.  The  most  abundant  group  in 
winter  WN3,  had  two  peaks  in  abundance,  one  in  the  deep 
stratum  and  one  in  the  shallow  stratum  (Table  141). 

The  five  groups  with  maximum  abundances  in  the  deep 
stratum  (WN3,  WN8,  SPN6,  SUN6,  and  SUN7)  each  con¬ 
sisted  of  1  to  5  species,  representing  a  total  of  1  2  species  in 
9  genera.  However,  not  all  species  of  each  of  the  above 
groups  were  represented  in  the  deep  stratum,  and  many  of 
the  species  had  their  highest  abundance  in  the  shallow 
stratum  (Tables  142,  144,  146).  Of  the  above  groups  only 
WN3  and  SUN6  were  abundant.  The  remaining  three 
groups  each  accounted  for  less  than  5  percent  of  the  total 
group  abundance  in  their  respective  seasons  (Tables  141, 
145).  WN3,  the  most  abundant  winter  group,  accounted 
for  33  percent  of  the  total  group  abundance  in  winter,  but 
had  two  peaks  in  abundance,  one  at  651-900  m  and  one  in 
the  shallow  zone  (Table  141).  SUN6,  the  second  most 
abundant  late  summer  group,  was  most  abundant  at  65 1  — 
700  m,  and  accounted  for  28  percent  of  the  combined 
group  catch  in  late  summer  (Table  1 45).  In  the  deep  stratum 
WN3  comprised  about  84  percent  of  the  total  group  abun¬ 
dance  in  winter,  and  SUNT  about  69  percent  in  late  sum¬ 
mer.  In  late  spring  the  most  abundant  group  in  the  deep 
stratum,  SPN3,  accounted  for  75  percent  of  the  total  group 
catch  in  the  deep  stratum,  despite  a  maximum  in  the  shallow 
stratum  (Table  143). 

At  each  season  postlarvae  and  recently  transformed  ju¬ 
veniles  accounted  for  most  of  the  abundance  in  the  deep 
stratum.  In  winter  WN3  was  mostly  represented  by  post¬ 
larvae  and  recently  transformed  juveniles  of  D.  atlanticus. 
Ceratoscopelus  warmingii,  although  taken  in  low  abundance 
there,  also  occurred  as  recently  transformed  juveniles  in  the 
deep  stratum  (Table  142).  In  the  deep  stratum  the  mean 
size  of  D.  atlanticus  was  about  12  mm  and  of  C.  warmingii 
about  17  mm,  compared  to  about  16  mm  and  32  mm, 
respectively,  in  the  shallow  stratum. 

In  late  spring  the  only  group  with  maximum  abundance 
in  the  deep  stratum,  SPN6,  consisted  of  recently  trans¬ 
formed  juveniles  and  postlarvae  of  H.  benoiti.  The  most 
abundant  group  in  that  stratum,  SPN3,  was  represented 
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mostly  6\  recently  H ansf ormed  juveniles  and  postlarvae  of 
I).  atlanticus  and  /..  pusillus,  doth  of  which  had  maxima  in 
the  shallow  stratum  (Table  1  44).  Diogemchthys  atlanticus  was 
the  most  abundant  species  in  the  deep  stratum  in  late  spring. 

SI  \6  was  the  most  abundant  group  in  the  deep  stratum 
in  late  summer.  1  lie  group  was  represented  almost  exclu¬ 
sively  in  the  deep  stratum  In  11-15  mm  juveniles  of  H. 
benoiti.  the  most  abundant  species  overall  at  night  in  late 
summer.  I  here  is  some  doubt  about  includintj  H.  benoiti  in 
Sl\6  along  with  /..  dofleini,  I).  moths,  and  L.  guentheri. 
( )nh  II.  benoiti  bad  a  loading  of  less  than  0.7  on  the  factor 
uniting  the  group.  In  fact.  //.  benoiti  had  very  similar  load¬ 
ings  (0.28-0.52)  on  four  of  the  seven  factors  extracted.  I  bis 
suggests  that  H.  benoiti  was  not  particularly  closely  associated 
with  the  other  three  species  included  in  SUN6.  The  bathv- 
nit*i  r it  (list ributions  of  the  four  species  support  this  hypoth¬ 
esis.  Only  //.  benoiti  occurred  in  abundance  below  the  shal¬ 
low  stratum.  The  other  three  species  were  most  abundant 
m  the  shallow  stratum,  while  II.  benoiti  was  most  abundant 
In  the  deep  stratum.  Only  16  percent  of  H.  benoiti  came 
from  die  shallow  stratum  and  more  than  60  percent  from 
the  deep  stratum  (Table  146).  The  specimens  of//,  benoiti 
from  the  shallow  stratum  averaged  2  to  3  mm  larger  and 
were  more  pigmented  than  those  from  the  deeper  stratum. 
It  is  probabh  best  to  consider  the  smaller  specimens  of//. 
benoiti  that  remain  deeper  than  600  m  both  day  and  night 
as  belonging  to  one  group,  and  the  larger  specimens,  which 
apparent h  migrate  regularly,  as  belonging  to  the  shallow- 
stratum  group,  together  with  L.  dofleini,  D.  mollis,  and  L. 
guentheri. 

I  he  two  remaining  deep  groups.  WN8  and  SUNT,  con¬ 
sisted  onh  of  spec  ies  of  I. am panyc tus and  were  not  abundant. 
\V\,S.  whit  h  ((insisted  only  of  L.  ater,  was  about  equally 
abundant  in  both  the  deep  and  the  intermediate  strata  but 
had  a  slight  peak  at  801-900  m  (  Table  142).  The  three 
species  included  in  SI  N7,  L.  ater,  /,.  crocodilus,  and  L. 
cuprarius,  were  all  most  abundant  at  851-900  ill  in  late 
summer  (Table  1  46). 

The  (  ombined  group  abundance  in  the  deep  stratum  was 
17  pen  cut  of  that  of  all  strata  in  w  inter,  18  percent  in  late 
spring,  and  25  percent  in  late  summer. 

Congeneric  Association 

The  small  size  of  the  species  groups  and  their  species 
((imposition  suggest  that  competitive  exclusion  of  phvloge- 
iielw  ,i  1 1  v  ( loselv  related  spec  ies  has  resulted  in  a  partitioning 
ol  die  water  column  bv  lanternfishes. 

( )l  the  30  groups  made  tip  of  more  than  one  spec  ies,  18 
did  not  include  congeneric  species,  six  contained  one  pair 
ol  (  ongeners.  and  two  contained  two  pairs  of  congeneric 
species,  lour  groups  (outained  three  congeners;  all  were 
spec  ies  ol  i  he  taxonomic  ally  poorly  resolved  genus  Lampan- 
M  tus.  w  hie  h  apparent  Iv  ( (insists  of  at  least  I  lu  ce  evolutionary 


lineages  (Traser-Bi  miner,  1949;  Bolin,  1959;  Paxton, 
1972:69-70).  Most  of  the  Lampanyctus  species  included  in 
the  same  group  belonged  to  presumably  different  lineages. 

Congeners  belonging  to  the  same  fac.  or  groups  generally 
had  either  different  si/e-frequency  distributions,  different 
depths  of  maximum  abundance,  different  vertical  distribu¬ 
tions.  one  or  both  were  not  very  abundant,  or  they  had 
some  combination  of  these  differences.  No  pair  of  conge¬ 
ners  belonged  to  the  same  group  at  all  of  the  six  diel  period- 
season  combinations.  One  pair  of  congeners  (Lampanyctus 
ater  and  L.  cuprarius)  belonged  to  the  same  group  four 
times,  and  two  other  pairs  (Lobianchia  dofleini  and  L.  gemel- 
larii,  and  Lampanyctus  festivus  and  L.  photonotus)  belonged 
to  the  same  group  three  times.  Lampanyctus  ater,  L.  cuprar¬ 
ius,  and  L.  crocodilus  were  together  in  two  different  groups. 

Lobianchia  dofleini  and  L.  gemellarh  both  belonged  to 
VVN4.  VV  1)3.  and  SPl)2.  In  winter  L.  dofleini  averaged  about 
10  mm  larger  than  its  congener,  and  neither  species  was 
very  abundant.  In  late  spring  L.  gemellarii  was,  on  the 
average,  about  7  mm  larger  than  L.  dofleini,  and  neither 
was  very  abundant.  At  night  in  late  spring  only  L.  dofleini 
met  the  abundance  criterion.  Of  the  two  species,  only  L. 
dofleini  is  a  breeding  resident  of  the  study  area. 

Lampanyctus  ater  and  L.  cuprarius  both  belonged  to 
groups  SPD7,  SPN4,  SUD4,  and  SUNT.  Lampanyctus  cro¬ 
codilus  was  also  included  in  SPD7  and  SUN7.  During  the 
daytime  in  late  spring  each  of  the  three  species  was  most 
abundant,  or  nearly  so,  at  751-800  m.  Lampanyctus  crocod¬ 
ilus  was,  on  the  average,  at  least  20  turn  smaller  than  the 
cither  two  species.  At  751-800  m,  /,.  cuprarius  averaged 
about  7  mm  larger  than  L.  ater,  and  at  depths  greater  than 
about  1000  m  L.  ater  was  on  the  average  about  30  mm 
larger  than  /,.  cuprarius.  Of  the  three  species,  only  L. 
cuprarius  was  even  moderately  abundant,  being  nearly  three 
times  as  abundant  as  either  of  the  other  two  species.  At 
night  in  late  spring  L.  festivus,  L.  ater,  and  L.  cuprarius  all 
belonged  to  the  same  group  (SPN4).  Each  was  most  abun¬ 
dant  at  1  00  m  and  had  a  mean  size  of  35-39  nun.  Although 
none  was  even  moderately  abundant,  L.  cuprarius  was 
nearly  twice  as  abundant  as  L.  ater,  and  three  times  as 
abundant  as  L.  festivus.  In  addition,  L.  festivus  had  a  much 
different  overall  vertical  distribution  than  the  other  two 
species  (  Table  1  44). 

In  late  summer,  although  both  L.  ater  and  L.  cuprarius 
were  mostly  larger  than  about  40  111111,  about  20  percent  of 
/..  cuprarius  but  none  of  L.  ater  were  smaller  than  30  mm. 
In  addition  to  this  differenc  e  in  size-frequency  distributions, 
/..  cuprarius  was  three  (day  samples)  to  six  (night  samples) 
times  more  abundant  than  /..  ater.  During  the  nighttime,  L. 
crocodilus  was  also  included  ill  group  SUNT  with  L.  ater  and 
/..  cuprarius.  The  first  species  had  a  muc  h  smaller  mean  size 
(28  mm  vs  50  mm)  than  the  latter  two  species,  and  was  not 
very  abundant. 

Lampanyctus  festivus  and  /..  photonotus  both  belonged  to 


groups  \vn:>,  \V\r>.  and  Sl'\5.  In  winter  the  two  species 
had  similar  depth  ranges,  depths  ol  maximum  abundance, 
and  si/e-frequencv  distributions.  Lampanyctus  photunotus 
was  more  abundant  than  L.  festivus,  but  neither  was  very 
abundant  (  Tables  156,  1-12).  Lampanyctus  cuprarius  was  also 
included  in  U'D.i,  but  it  had  a  very  different  si/e  frequency 
distribution  than  either  ol  the  other  two  species  and  was 
about  twice  as  abundant  as  either  of  the  two.  In  late  summer 

I. .  photunotus  and  /..  festivus  had  very  different  si/e-fre- 
quetK  \  distributions,  and  had  different  depths  of  maximum 
abundance  (Table  146).  Neither  species  was  very  abundant. 

These  differences  among  congeners  belonging  to  the 
same  groups,  the  relatively  small  number  of  groups  contain¬ 
ing  congeners,  and  the  relatively  small  number  of  species 
per  group  all  suggest  that  interspecific  competition  among 
the  lanternfishes  is  minimal,  allowing  the  many  species  of 
lanternfishes  to  coexist  in  a  well-structured  ecological  equi¬ 
librium. 

Diel  and  Seasonal  Changes  in  Species  Associations 

Spec  it  s  groups  undergo  both  daily  and  seasonal  (within  a 
given  diel  period;  c  hanges  in  composition;  no  group  retains 
its  integrity  over  either  time  span.  'These  changes  in  species 
assoc  iations  appear  to  provide  the  mechanism  for  a  high 
degree  of  partitioning  of  the  water  column  by  lanternfishes 
over  the  span  of  a  year. 

In  w  inter  the  four  species  comprising  W’Dl  (X.  valdiviae, 
/..  dofleini,  /..  gemellarii,  and  /).  rafinesquii)  also  belonged  to 
night  group  \V\ 4  along  w  ith  three  other  species,  L.  pusillus, 

II.  nidmn ,  and  /).  mollis.  Although  the  last  species  was  not 
used  m  the  daytime  analysis  because  it  failed  to  meet  the 
abundance  criterion,  I),  mollis  was  most  abundant  at  the 
same  depth  (451-500  in)  as  t he  four  species  in  WD1,  and 
probably  also  would  have  been  included  in  VVD1  if  it  had 
been  used  in  the  analysis.  The  remaining  two  species  in 
VV  VI.  pusillus  and  II.  indicus,  were  members  of  day  group 
\\  1)5.  which  had  its  greatest  abundance  at  601-650  m 
(Table  155). 

Only  the  shallowest  groups  showed  any  consistency  in 
species  composition  from  season  to  season.  The  night  sur¬ 
face  groups  contained  (•.  cocco  and  \1.  nitidulum  at  each  of 
the  three  seasons.  An  additional  species,  nigroocellatus, 
was  int  luded  in  winter  and  late  spring  but  was  not  included 
in  the  late  summer  analysis  because  it  failed  to  meet  the 
abundanc  e  c  riterion.  However,  it  was  most  abundant  at  the 
surfac  e  at  the  last  season  and  probably  should  be  considered 
as  a  member  of  the  surfac  e  group  at  all  seasons.  During  the 
davtime  the  shallowest  groups  at  each  season  (YVI)I,  SPD1, 
and  SI  1)1)  all  contained  X.  valdiviae  and,  if  SPDI  and 
M’l)2  can  be  considered  a  single  group  (see  discussion  ol 
SPD2  m  “ l)a\  151-600  m  Stratum"),  also  /..  dofleiru.  No 
other  group  maintains  its  integrity  from  season  to  season  or 
within  a  diel  cycle.  This  lack  of  consistency  in  species  asso¬ 


ciations  over  either  time  span  appears  to  be  yet  another 
method  by  which  the  lanternfishes  partition  the  resources 
of  the  mesopelagial. 

At  least  some  of  the  differences  in  spec  ies  group  compo¬ 
sition  can  be  explained  by  the  differences  in  the  number  ol 
species  used  in  each  of  the  six  analyses.  Most  species  were 
sampled  better  at  night  than  during  the  day  and,  as  a  result, 
more  species  were  included  in  the  night  analysis  than  in  the 
day  analysis  at  each  season.  At  each  season  12  to  16  species 
were  common  to  both  the  day  and  night  analyses.  In  winter 
one  species  was  unique  to  the  day  subset  and  nine  were 
unique  to  the  night  subset;  in  late  spring  five  were  used 
only  in  the  day  subset  and  six  only  in  the  night  subset;  and 
in  late  summer  no  species  was  unique  to  the  day  subset  but 
nine  were  unique  to  the  night  subset.  Because  of  these 
differences,  the  results  of  the  daytime  and  nighttime  anal¬ 
yses  were  not  strictly  comparable.  However,  the  diel 
changes  in  the  relations  among  those  species  common  to 
both  day  and  night  subsets  suggest  that  the  differences 
between  the  day  and  night  abundances  at  any  season  are 
not  exclusively  due  to  the  differences  in  the  subsets  ana¬ 
lyzed,  and  that  the  associations  among  some  of  the  species 
do  indeed  change  during  the  course  of  a  day. 

Similarly,  within  each  diel  period  there  are  seasonal 
changes  in  the  species  included  in  the  analyses;  and  t lie 
results  from  one  season  are  not  directly  comparable  to  those 
from  the  other  two.  As  was  the  case  with  diel  associations, 
species  common  to  the  three  seasonal  subsets  for  each  diel 
period  also  underwent  changes  in  species  associations  from 
season  to  season  again  suggesting  that  the  changes  were  not 
completely  due  to  the  differences  in  the  subsets  used. 

As  most  of  the  species  included  in  the  subsets  have  a  one- 
year  life  span,  the  population  structure  of  most  species 
changes  from  season  to  season.  This  means  that  even  though 
some  species  may  be  closely  associated  over  most  of  or 
throughout  the  year,  the  ecological  relationship  between 
those  species  would  be  different  at  each  season.  Xotolychnus 
valdiviae  and  L.  dofleini  belonged  to  the  same  group  during 
at  least  four,  and  probably  five,  of  the  six  diel  period-season 
combinations  and,  at  each  season,  different  stages  (and  sizes) 
were  associated  with  each  other.  For  example,  in  winter 
subadults  were  the  most  abundant  stage  for  N.  valdiviae, 
and  adults  for  L.  dofleini,  in  late  spring  subadults  and  adults 
were  the  dominant  stages  for  X.  valdiviae,  and  most  L. 
dofleini  were  juveniles;  and  in  late  summer  most  X.  valdiviae 
were  juveniles  and  most  l..  dofleini  were  subadults.  Differ¬ 
ences  in  size  between  closely  associated  congeners  have  been 
discussed  above. 

General  Conclusions 

During  the  daytime  the  depth  of  maximum  abundance 
of  all  species  groups  combined  and  the  most  abundant 
spec  ies  group  is  found  between  601  and  700  ill  at  each 
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season.  Diversity  measured  both  by  the  number  of  species 
taken  anti  the  Shannon- Weiner  Information  Function  is 
greatest  between  601  and  950  in  at  each  season. 

At  night  the  depth  of  maximum  abundance  of  all  species 
groups  combined  and  of  the  most  abundant  species  group 
is  within  the  upper  100  m  at  each  season.  Diversity,  as 
measured  by  both  methods  mentioned  above,  is  greatest  in 
the  upper  250  m  at  each  season. 

Species  groups  were  small,  consisting  of  one  to  seven 
species  each,  and  less  than  half  of  the  groups  included 
congeneric  species.  Congeners  in  the  same  group  generally 
differed  in  size,  depth  of  maximum  abundance,  overall 
vertical  distribution,  and/or  relative  abundance.  Group  spe¬ 
cies  composition  was  seldom  the  same  at  different  diet 
periods  or  different  seasons. 

'1'he  52  species  of  lanternfishes  used  in  the  factor  analyses 
probably  represent  no  more  than  about  25  percent  of  the 
total  number  of  the  mesopelagic  fish  species  found  in  the 
study  area.  It  is  most  likely  that  the  individual  lantertiftsh 
species  form  closer  ecological  associations  with  species  of 
other  fish  groups,  or  species  of  invertebrates,  than  with 
other  species  of  lanternfishes.  Studies  of  the  mesopelagic 
fishes  found  off  Hawaii  (Amesbury,  1975),  those  found  in 
the  Santa  Catalina  Basin  off  southern  California  (Rainwater, 
1 975),  and  of  the  fishes  and  selected  invertebrates  found  in 
the  San  Pedro  Basin  off  southern  California  (F.beling  et  al., 
1970)  indicate  that  the  above  was  true  in  those  locations. 
Although  the  methods  used  in  each  of  the  three  studies 
t  iled  were  different,  the  groups  formed  in  each  location 
contained  on  the  average  two  to  three  species  of  lantern¬ 
fishes,  which  is  similar  to  the  value  obtained  in  this  study. 
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Family  Melamphaidae, 
Bigscales 


Michael  J.  Keene,  Robert  H.  Gibbs,  Jr., 
and  William  H.  Krueger 


ABSTRACT 

The  bigscales  of  the  family  Melamphaidae  are  repre¬ 
sented  in  the  Ocean  Acre  collections  by  more  than  4000 
specimens  distributed  among  15  species  in  four  genera. 
Melamphaes  pumilus  and  Scopeloberyx  opisthopterus  were  ca¬ 
tegorized  as  "abundant,"  Poromitra  capito  as  “common," 
Melamphaes  ty  phi  ops  and  Scopelogadus  m.  mizolepis  as  “un¬ 
common."  and  the  other  ten  species  (6  Melamphaes,  1  Po¬ 
rnmitra,  I  Scopelogadus,  and  2  Scopeloberyx)  as,  'rare."  Devel¬ 
opmental  stages,  reproductive  cycles,  seasonal  abundance, 
vertical  distribution,  patchiness,  and  night-to-day  catch  ratio 
are  discussed  for  each  species  for  which  there  are  enough 
data.  Four  of 'he  live  species  that  were  not  “rare"  apparently 
breed  in  the  Ocean  Acre  area.  Scopelogadus  mizolepis  enters 
the  area  from  the  south  in  fair  numbers  during  the  warmer 
months,  but  does  not  appear  to  breed  in  the  Ocean  Acre. 
The  other  four  species,  M.  pumilus,  M.  typhlops,  P.  capito, 
and  .S',  opisthopterus  differ  in  maximum  size,  longevity,  depth 
distribution,  presence  or  absence  of  vertical  migratory  be¬ 
havior,  and  peak  spawning  period.  The  deepest-dwelling 
species,  S.  opisthopterus,  a  small  species,  lives  at  800-1500 
m  and  does  not  migrate  vertically.  The  shallowest  dweller, 
M.  pumilus,  a  dwarf  species,  lives  below  550  ni  during  the 
dav  and  migrates  to  as  shallow  as  50  m  at  night.  Of  the 
other  two  species,  M.  typhlops,  a  moderately  large  species, 
lives  below  550  m  and  P.  capita,  a  large  species,  below  800 
in  during  the  dav,  but  neither  appears  to  migrate  regularly 
to  depths  shallower  than  150  in.  Five  “rare"  species  also 
mav  breed  in  the  Ocean  Acre  area:  Melamphaes  ebelingi,  M. 
longivehs,  Melamphaes  sp.,  Scopeloberyx  robustus,  and  Scope¬ 
loberyx  sp.  All  five  are  represented  in  the  area  by  at  least 
one  or  two  postlarvae  and  also  bv  adults.  Fhe  other  five 
"rare"  spec  ies  do  not  breed  in  the  area:  two  are  represented 
bv  single  spec  intens,  the  others  bv  stages  other  than  postlar¬ 
vae  and  adults. 


Mirhael  f  Keene,  Route  l,  Box  262,  Shipman,  Virginia  22V7 1.  Robert  II.  Gibbs, 
Jr.,  / tepartment  of  Vertebrate  /.oology,  Sational  Museum  of  Natural  History, 
Smithsonian  Institution,  Washington,  D.C.  20560.  William  II.  Krueger,  Depart¬ 
ment  of  Zoology.  I  'niversity  of  Rhode  Island,  Kingston,  Rhode  Island  02RRI. 


Introduction 

The  Melamphaidae  was  the  fourth  most  abundant  family 
of  fishes  in  the  Ocean  Acre  area,  behind  the  Gonostomati- 
dae,  Myctophidae,  and  Sternoptychidae  in  total  number  of 
specimens.  This  agrees  with  the  relative  numbers  of  these 
four  families  taken  in  Beebe's  8-mile  cylinder  near  Bermuda 
(Beebe,  1987).  although  exactly  which  speciesare  associated 
with  Beebe's  names  is  uncertain.  Melamphaids  are  repre¬ 
sented  in  the  Ocean  Acre  collections  by  more  than  4000 
specimens  distributed  among  15  species  in  4  genera.  Table 
147  shows,  for  each  species,  (1)  the  number  of  specimens 
taken  on  all  cruises,  (2)  the  number  taken  on  the  paired 
seasonal  cruises,  (3)  the  number  taken  in  discrete-depth 
samples  during  the  paired  seasonal  cruises,  and  (4)  the 
number  taken  in  noncrepuscular  discrete-depth  samples 
during  the  paired  seasonal  cruises.  The  last  represents  the 
primary  database  that  was  analyzed. 

Methods 

Methods  of  analysis,  definition  of  terms,  and  abbrevia¬ 
tions  are  given  in  the  introductory  paper  in  this  volume. 
Abundance  categories  for  each  species  follow  the  criteria  of 
Karnella  (this  volume).  The  two  “abundant"  species  of  nie- 
lamphaids.  Melamphaes  pumilus  and  Scopeloberyx  opisthopte¬ 
rus,  had  a  maximum  seasonal  abundance  of  75  and  64 
specimens  per  hour  and  were  represented  by  2604  and  595 
specimens,  respectively.  Fhe  one  “common"  species,  Porom- 
itra  capito,  had  a  maximum  abundance  of  24  specimens  per 
hour  and  was  represented  by  437  specimens.  Two  “uncom¬ 
mon"  species,  M.  typhlops  and  Scopelogadus  mizolepis,  bad  a 
maximum  abundance  of  5  and  4  specimens  per  hour  and 
were  represented  by  135  and  127  specimens,  respectively. 
All  ten  other  species  ("Fable  147)  were  designated  as  "rare," 
with  maximum  abundance  of  0-2  specimens  per  hour  and 
represented  bv  1-40  specimens.  Atlantic  distributions  are 
described  on  the  basis  of  unpublished  maps  prepared  by 
Keene. 
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Table  147. — Numbers  of  specimens  of  each  species  of  Melamphaidae  caught  in  all  samples  during  cruises 
1-14.  in  all  samples,  in  all  discrete-depth  samples,  and  in  all  noncrepuscular  discrete-depth  samples  made 
during  the  paired  seasonal  cruises  (cruises  4  and  12,  10  and  14,  1  1  and  13). 


SPECIES 

CRUISES  1  -  Ik 

TOTAL 

TOTAL 

PAIRED  SEASONAL  CRUISES 

NONCREPUSCULAR 
DISCRETE  DISCRETE 

Melamphaes  ebelingi 

1 1 

10 

k 

k 

M.  longivel is 

18 

16 

1 1 

1 1 

M.  polylepis 

1 

0 

0 

0 

M.  pumi lus 

260k 

1675 

7*t7 

638 

M.  simus 

1 

0 

0 

0 

M.  suborbi tails 

20 

17 

10 

10 

M.  typhlops 

135 

1 1 1 

k7 

k  1 

Melamphaes  sp. 

lk 

9 

k 

k 

Poromi tra  capi to 

‘•37 

333 

177 

112 

P.  mega  lops 

k 

3 

2 

2 

Scopeloberyx  opi sthopterus 

595 

356 

205 

195 

S.  robustus 

20 

8 

5 

5 

Scopeloberyx  sp. 

kO 

13 

9 

9 

Scope logadus  beanii 

16 

10 

5 

5 

S.  m.  mizolepis 

127 

97 

29 

23 

TOTALS 

k0k3 

2658 

1255 

1059 

Species  Accounts 

The  following  accounts  discuss,  where  possible,  develop¬ 
mental  stages,  reproductive  cycle,  seasonal  abundance,  sex 
ratios,  vertical  distribution,  patchiness,  and  night-to-day 
catch  ratios  of  the  1  5  species  of  melamphaids  taken  during 
the  study.  For  the  abundant  and  common  species,  there 
were  enough  data  to  perform  detailed  analyses  for  most  or 
all  categories.  For  others,  detailed  analyses  could  be  done 
onlv  for  certain  categories,  and,  for  still  other  species,  there 
were  almost  no  data,  and  onlv  vertical  distribution  or  not 
even  that  could  be  discussed. 

Melamphaes  pumilus 

The  most  abundant  melamphaid  at  all  seasons  in  the 
Ocean  Ac  re  area,  this  species  is  confined  to  the  western 
gvre  of  the  North  Atlantic,  west  of  25°W  between  10°  and 
45°N,but  mostly  between  20°  and  40°N.  It  is  a  diminutive 
species.  rarely  exceeding  22  mm  SL;  its  maximum  size  is  24 
mm.  It  was  represented  in  the  Ocean  Acre  collections  by 
26(14  specimens;  1675  were  taken  during  the  seasonally 
paired  cruises,  ini  hiding  747  in  discrete-depth  samples,  with 
658  of  these  from  noncrepuscular  tows  (  Fable  147). 

Developmental  Stages. — Post  larvae  were  character¬ 
ized  In  the  absence  of  pigment  and  small  size  (10  mm  or 
less).  Juveniles  ranged  from  those  just  developing  adult 


coloration  (9- 1 0  mm)  up  to  15  mm;  their  gonads  were  small 
and  located  posterodorsad  to  the  terminal  enlargement  of 
the  intestine  (rectum).  Subadults  were  14-18  mm  and 
showed  progressive  enlargement  of  the  gonads  that  was 
obvious  in  both  sexes,  but  moreso  in  females;  the  gonads 
were  mainly  lateral  to  the  rectum  and  extended  anteriorly 
beyond  the  rectal  enlargement.  Adults  were  18-24  mm. 
Adult  females  had  large  eggs,  and  the  ovaries  extended  well 
forward,  occupying  most  of  the  coelom.  In  adult  males  the 
testes  were  larger  than  in  subadults,  but  the  size  difference 
was  less  obvious  than  for  ovaries.  External  sexual  dimorph¬ 
ism  was  not  evident  in  any  of  the  stages. 

Reproductive  Cycle  and  Seasonal  Abundance. — Me¬ 
lamphaes  pumilus  appears  to  have  a  one-year  life  cycle.  It 
apparently  breeds  throughout  the  year,  with  a  peak  in 
spring  and  early  summer  (Table  1 69).  This  species  was  most 
abundant  in  winter,  when  subadults  and  adults  comprised 
most  of  the  catch,  least  abundant  in  late  spring,  and  inter¬ 
mediate  in  abundance  in  late  summer,  when  post  larvae  and 
juveniles  were  at  their  greatest  abundance  (Table  148). 

All  stages  occurred  at  all  seasons,  indicating  year-around 
spawning.  The  peak  of  spawning  probably  is  in  spring  and 
early  summer,  as  indicated  by  the  large  number  of  postlar¬ 
vae  and  juveniles  caught  in  July  and  September  (Table  1 49; 
includes  nondiscrete  samples)  and  the  greatest  abundance 
of  these  stages  in  the  late  summer  in  the  paired  cruises 
(Fable  148).  The  ovaries  of  adult  females  taken  throughout 
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lilt'  year  had  fairly  large  eggs.  0.23-0.35  mm  in  diameter, 
hut  three  adult  females  captured  in  March  and  June  pos¬ 
sessed  eggs  twice  as  large  (0.6-0. 7  nun).  These  eggs  were 
swollen  and  had  a  tiiuc  It  thicker  translucent  area  surround¬ 
ing  the  volk  than  those  of  most  adult  females.  Presumably 
these  females  were  caught  just  prior  to  spawning,  reinforc¬ 
ing  the  suggested  time  of  peak  spawning. 

In  winter,  over  05' <  of  the  population  consisted  of  sub- 
adults  and  adults,  with  adults  about  twice  as  abundant 
as  subadults  (  Table  I  IS).  Bv  late  spring,  the  few  winter 
postlarvae  and  juveniles  had  become  juveniles  and  sub¬ 
adults.  respect ivelv,  and  almost  70 'a  of' the  sampled  popu¬ 
lation  consisted  of  adults.  Adults,  however,  were  less  abun¬ 
dant  at  this  time  than  in  winter,  which  mav  be  attributed  to 
mortality  following  spawning.  Postlarvae  probably  were 
small  and  untlersampletl.  In  July  and  September  (Table 
I  10)  juveniles  appear  in  abundance,  and  subadults  were 
more  numerous.  These  probably  represent  mainly  the  re- 
c  l  icit s  from  the  spring  spawning.  At  the  same  time,  adults 
have  become  still  less  abundant,  due  to  continuing  mortal¬ 
ity.  Continued  into  the  fall  and  winter,  this  sequence  of 
events  should  result  in  juveniles  becoming  less  abundant  as 
thev  become  subadults,  and  both  subadults  and  adults  in¬ 
ti  casing  In  abundance.  The  data  in  Table  140  suggest  that 
juveniles  are.  indeed,  the  most  abundant  stage  in  October- 
Novetnber  (almost  65 '7  of  the  total)  and  subadults  the  most 
abundant  stage  in  December  (almost  64f,f).  This  would  lead 
to  the  predominance  of  adults  in  winter,  already  noted. 

The  seasonal  progression  of  developmental  stages  and 
the  fact  that  adults  compose  a  majority  of  the  catch  only  in 
winter  and  spring  indicate  a  one-year  life  cycle.  Further 
evidence  was  provided  bv  otoliths  from  10  of  the  largest 
adults  (22-23  mm)  from  different  seasons,  all  of  which  have 
onlv  the  initial  opaque  central  ring  surrounded  by  a  trans¬ 
lucent  area,  indicating  that  thev  are  less  than  a  year  old. 
The  central  ring  is  present  in  the  otoliths  of  juveniles,  but 
the  translucent  bell  surrounding  it  is  narrower  than  that  of 
subadults  and  adults. 

St  x  R a  nos. —  I  able  1  50  shows  the  numbers  of  eaeft  sex 
for  eac  h  sampling  period.  During  no  period  was  there  a 
signific  ant  difference  in  the  number  of  juvenile  males  and 
females.  A  trend  toward  males  being  more  abundant  than 
female’s  is  seen  in  subadults,  although  onlv  one  sample 
showed  a  statistically  significant  difference.  Adult  males 
outnumber  adult  females  at  ail  times  except  in  April,  which 
was  represented  bv  a  relatively  small  sample,  and  in  August, 
when  sampling  was  done  with  the  large  F.ngel  trawl  (F.MT). 
If  the  two  discordant  samples  of  adults  are  ignored,  and 
adult  m, ties  do,  indeed,  outnumber  adult  females,  a  differ¬ 
ential  mortality  during  reproduction  would  explain  the 
phenomenon.  Females  might  die  soon  after  spawning,  but 
males  might  not  die  lot  some  time,  possibly  spawning  several 
times  dm  ing  the  season. 


I  ABI  E  148. — Seasonal  abundance  and  percent  of  loial  abundance  (in 
parentheses)  for  Melamphaes  pumilus  (AD  —  adult:  JL'V  =  juvenile;  PI.  = 
|xistlarva;  SAD  =  subadult;  TOT  =  total,  file  figure  for  abundance  is  the 
sum  ot  the  catch  rales  for  all  50-ni  intervals,  with  interpolation  for  unsam¬ 
pled  intervals,  at  the  diet  period  show  ing  the  greatest  total  abundance). 


SEASON 

PL 

JUV 

SAD 

AD 

TOT 

WINTER 

1.2  (1.6) 

2.1  (2.8) 

23.5(31-5) 

47.8(61..  1) 

7^.6 

LATE 

SPRING 

0.3  (0.8) 

3-0  (8.1) 

8.5(23-0) 

25. 1  (68.0) 

36.9 

LATE 

SUMMER 

9-7  07-4) 

11.7(20.9) 

15-1 (27-0) 

19. '•(3k. 7) 

55.9 

Table  149. — Numbers  caught  of  each  stage  of  Melamphaes  pumilus  bv 
month,  w  ill)  percent  of  monthly  total  in  parentheses  (AD  =  adults:  JUV  = 
juveniles;  PI.  =  postlarvae;  SAD  —  subadults). 


MONTH 

PL 

JUV 

SAD 

AD 

JAN-FEB 

12  (4.7) 

31 (12.0) 

59  (22.8) 

156(60.5) 

MARCH 

3  (1.5) 

16  (7-5) 

34(16.0) 

159(75-0) 

APRIL 

0 

701.5) 

11(17-5) 

45  (72.4) 

JUNE 

16  (4  .6) 

38(10.8) 

64(18.2) 

233  (66.4) 

JULY 

58  (27  -6) 

59  (28.1) 

2903-8) 

64  (30.5) 

SEPTEMBER 

71  (9-7) 

259  (35-6) 

203  (27.8) 

196  (26.9) 

0CT-N0V 

0 

192 (64.6) 

94(31.6) 

11  (3-8) 

DECEMBER 

1  (1.8) 

3  (5-5) 

35  (63-6) 

16(29-0 

Table  I. VO — Numbers  of  each  sex  for  each  stage  of  Melamphaes  pumilus 
by  months  (AD  =  adult:  F  =  female;  JUV  =  juvenile;  M  =  male;  SAD  = 
suhatluli:  TOT  =  total  of  all  three  stages:  significant  differences  indicated 
bv  Chi-square  test  shown  by  a  single  asterisk  (p  =  .05)  or  two  asterisks  (p  = 
■01)). 


M 

F 

M 

F 

M 

F 

M 

F 

JAN-FEB 

J  1 

20 

30 

28 

92 

620 

133 

1  to 

MARCH 

7 

8 

21 

1 1 

87 

5600 

115 

750 

APRIL 

u 

3 

8 

3 

14 

310 

26 

37 

JUNE 

18 

17 

38 

2  2  A 

125 

99 

181 

1380 

JULY 

23 

36 

10 

17 

45 

1800 

78 

71 

AUG  (EMT) 

0 

0 

27 

26 

162 

206* 

189 

232 

SEPTEMBER 

121 

128 

109 

85 

120 

7500 

350 

2880 

OCT-NOV 

83 

86 

44 

38 

6 

2 

133 

126 

OECEMBER 

2 

1 

12 

21 

1 1 

4 

25 

26 

Ykrtk  ai  Distribution. — This  species  is  most  abundant 
from  51  to  400  m  at  night  and  from  551  to  1300  or  1350 
m  during  the  dav  (  Table  151).  Ii  is  rare  in  the  upper  50  m 
at  night,  and  onlv  one  suhadult  male  was  taken  at  the  surface 
in  a  crepuscular  sample  ill  July.  Diel  migratory  behavior  is 
indic  ated  clearly  in  juveniles,  subadults.  and  adults. 
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1  arm.  I  .i  1 .  —  Vertical  distribution  bv  ~>()-m  intervals  <>I  Melamphaes  pumilus  (Al)  =  adult;  Jl' V  =  juvenile; 
\  =  iuiiiiIkt  ol  S|X‘C linens;  1*1.  =  postlarva:  SA  =  subadult;  SI.  =  standard  length  in  nun;  TOT  =  total;  X 
—  mean;  blank  spate  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  \  column  =  unsampled  interval  with  interjiolaled  catch). 


OEPTH  CATCH  RATE 

(M)  _ 


LATE  SPRING 


CATCH  RATE 


LATE  SUMMER 


CATCH  RATE 


PL  JUV  SA  AO  TOT  N  X  RANGE  PL  JUV  SA  AD  TOT  N  X  RANGE  PL  JUV  SA  AO  TOT  N  X  RANGE 


NIMBI-  R  1  ’>2 


Both  stage-  and  si/e-stralifu alion  arc  apparent  both  cia\ 
and  night.  Post  larvae  were  taken  tit  31-100  in  during  the 
da\  and  between  33  and  300  in  at  night,  most  ol  them 
between  31  and  130  m.  The  latter  depths  correspond  to 
the  maximal  seasonal  thet  nio<  line,  Larger  postltirvae  were 
taken  at  33  1  -730  m.  to  whieh  depths  tliev  descend  prior  to 
translormation  to  the  juvenile  stage.  The  possibility  ol  diet 
vertical  migration  In  some  of  the  deeper  post  larvae  cannot 
be  ruled  out,  but  we  suspect  that  it  does  not  occur.  That 
vertical  migration  begins  in  juveniles  is  suggested  In  two 
small  transitional  juveniles  that  had  not  migrated  upward, 
but  were  taught  in  late  summer  between  831  and  1000  m 
at  night  (Table  131).  Later  developmental  stages  and  hu  ger 
si/es  tend  to  occ  upv  greater  depths  (  Table  1 3 1),  a  fact  noted 
In  Kbeling  (1002).  This  is  most  obv  ious  at  night  because  of 


the  greater  number  of  spec  imens  caught.  Lath  succeeding 
stage  inhabits  a  more  extensive  range  of  depths,  is  most 
abundant  at  a  greater  depth,  and  extends  to  greater  maxi¬ 
mum  depths  than  the  preceding  stage.  There  is.  however, 
considerable  overlap  in  vertical  ranges,  with  adults  occ  tit¬ 
ling  throughout  most  or  all  of  the  ranges  of  the  other  stages 
and  sottiei  imes  exceeding  both  their  upper  and  lower  limits. 


This  is  illustrated  well  In  the  late  spring  data  and  bv  the 
night  data  for  the  other  two  seasons  (Table  131). 

Depths  occupied  bv  males  and  females  appeared  to  be 
identical  at  am  stage. 

I’a  icjunk.ss.  —  Patc  hiness  of  distribution  appears  to  be 
characteristic  of  all  stages  of M.  pumilus.  Significant  clump¬ 
ing  at  night  was  indicated  in  winter  at  131-200  m,  301  — 
■100  m.  and  301-1)00  m;  in  late  spring  at  31-100  m  and 
20  I  2.30  m:  and  in  late  summer  at  31-1  30  m  and  -1.3  1  -300 
m.  I  lie  onlv  significant  c  lumping  during  the  tlav  was  in  late 
spring  at  031-1000  m.  At  7  of  the  I  1  30-m  intervals  for 
which  c  lumping  was  indicated,  the  seasonal  maximum  catc  h 
rate  oc  c  urred  lot  at  least  one  developmental  stage,  and  two 
other  intervals  had  catch  rates  very  near  the  maximum  for 
one  stage. 

With  one  exception,  all  stages  appear  to  have  patchy 
distributions  at  all  seasons.  In  late  summer,  adults  were 
apparent  I  v  randomly  distributed:  no  c  lumping  was  indicated 


0  from  131  to  100  meters  at  night,  at  whic  h  depths  almost  all 
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their  normal  lentloncv  toward  aggregation  presumably  is 
lost  under  sue  h  conditions. 

\ic;ht:1)ay  Caicji  Ratios. —  The  ratios  of  night  to  day 
discrete-depth  capture's,  using  interpolation  in  unsampled 
depth  intervals,  were  .3.0:1  in  winter,  1.2:1  in  late  spring, 
and  2.0:1  in  late  summer  (  Table  1.32).  Adults  and  subadults 
are  responsible  lot  most  ol  the  catch  rates,  but  posllarvae 
and  juveniles  general  I  v  show  the  same  propensity  to  be 
more  abundant  in  night  samples. 

The  nearly  equal  ratio  in  late  spring  suggests  that  factors 
other  than  enhanced  davtime  avoidance  alone  tnav  be  re¬ 
sponsible  tot  the  predominance  of  night  over  clay  captures. 
One  possibility  is  the  constriction  of  the  vertical  ranges  at 
night,  while  another  is  seasonal  differences  in  clumping. 

Const  fiction  of  the  vertical  range  would  enhance  the 
chances  that  either  randomly  distributed  or  aggregated 
populations  would  be  sampled.  The  degree-  of  constriction 
of  the  vertical  range  at  night  increases  in  the  same  seasonal 
order  as  the  night :dav  catch  ratios.  If  all  postlarvae  and 
those  small  juveniles  that  remain  deep  at  night  are  ignored, 
the  vertical  ranges  of  all  other  stages  are  included  within 
that  of  adults  both  tlav  and  night  (Table  131)  with  two 
exceptions.  At  night,  adults  were  taken  100  m  shallower 
than  juveniles  and  subadults  in  winter,  and  in  late  summer 
both  juveniles  and  subadults  were  taken  100  m  shallower 
than  adults.  As  defined,  the  night  vertical  range  was  33 9, 
of  the  davtime  range  in  winter,  80%  in  late  spring,  and  69- 
8  1C  in  late  summer  (shallow  juveniles  and  st.badulis  made 
up  a  significant  pan  of  the  c  atc  h  at  this  time). 

The  effect  of  night  constriction  of  the  vertical  range  is 
magnified  for  adults,  which  were  taken  in  greatest  abun¬ 
dance  in  onlv  part  of  the  night  vertical  range.  In  winter, 
most  adults  were  taken  in  a  100  m  stratum  (130  m  with 
interpolation)  within  a  vertical  range  of’ dOO  m;  in  late  spring 
most  weie  taken  in  300  m  within  a  600-m  breadth;  and  in 
late  summer  most  were  taken  in  230  m  within  a  330-m 
breadth.  Considering  both  total  vertical  ranges  and  adult 
conc  entrations,  the  compression  is  greatest  in  w  inter,  when 
the  night :dav  ratio  also  is  greatest,  next  greatest  in  late 
summer,  and  least  in  late  spring,  which  has  the  lowest  ratio 
(Table  1.32). 


The  presence  of  aggregations  of  M.  pumilus  during  the 
day.  indicated  as  being  uncommon,  nevertheless  may  in¬ 
volve-  a  significant  part  of  the  population  that  was  not 
adequately  sampled.  I  he  only  instance  of  significant  day¬ 
time  c  lumping  was  at  one  30-m  depth  interval  in  late  spring, 
tlu-  onlv  season  when  the  night :elav  catch  ratio  approac  hed 
1:1.  If  the  catch  rate  for  adults  alone  in  this  interval  had 
been  1.0.  as  in  both  adjacent  sampled  (not  interpolated) 
intervals,  instead  of  7.2  (  Table  131).  the  ratio  would  have 
been  1.9:1  instead  of  1 .2: 1  approac  hing  that  for  late  sum¬ 
mer. 

Net  avoidance-  remains  a  possible  contributor  to  the 
nighiutav  imbalance.  II  A /  pumilus  is  inactive  during  tilt¬ 
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(lax .  and  rests  in  a  \crtical  position.  as  Barham  ( 1 97  1 J  noted 
m  scu  i  al  mu  toplnds.  (his  would  enhance  (lie  likelihood 
I  hat  liter  would  dan  out  of  tlu-  net's  path.  \o  direct 
ohsei  rations  ol  M.  pumihis  have  been  made,  however,  and 
this  jtossibilitr  is  conjee  tural. 

Melamphaes  typhlops 

This  species  is  uinommon  in  the  Ocean  Acte.  It  inhabits 
the  \ilanti<  Ik  tween  50°S  and  45°\.  It  is  one  of  the  few- 
large  Melamphaes  spec  ies  (reac  hing  100  mm  SI.  elsewhere. 
7:1  mm  in  the  Ocean  Ac  re)  that  seems  to  occur  in  relatively 
sterile  as  well  as  produc  tire  waters.  A  total  -T  1  .'15  specimens 
was  taken:  25  postlairae.  75  juveniles.  19  subadults,  and  IH 
adults.  Of  these.  51  were  taken  in  discrete-depth  samples, 
-II  of  the  51  in  none  repusc  ular  samples  front  the  paired 
c  raises  (  I  able  I  17). 

Dmi.oprtKM  .rt  S  t  acts.  —  Postlarvae,  with  light  pig¬ 
mentation  on  certain  parts  of  the  both  (Kbeling,  1962), 
were  5-15  mm,  the  largest  beginning  to  acquire  adult 
coloration.  |ureniles  were  12 — 40  mm.  The  juvenile-suba¬ 
dult  transition  occurs  at  about  55—10  nun.  and  the  subadult- 
adult  transition  at  approximately  15-5-4  mm.  Subadults  in 
Oc  ean  Ac  te  samples  were  55-5-4  mm,  adults  46-75  mm. 

Rh’roih  <  t  tvt  Ovet  t-,  and  Skasonai.  Abundance. — 
Captures  of  postlarvae  from  january  tea  September  (  Table 
155)  indicate  that  M.  typhlops  breeds  during  most  of  the 
rear.  No  obvious  peak  spawning  period  can  be  discerned. 
J  bis  species  probable  spawns  for  the  first  time  when  it  is 
45-50  mm.  Specimens  as  large  as  70  mm  suggest  that  A/. 
typhlops  liees  as  long  as  two  years  and  probably  spawns  more 
than  once.  I  wo  March  specimens  55-54  mm  (  Table  155), 
called  subadults,  were  of  adult  si/e  but  had  immature  go¬ 
nads.  Probable  thee  were  adults  which  already  had  spawned 
i me  e. 

M.  typhlops  was  most  abundant  in  winter  and  decreased 
In  numbers  thiough  late  spring  and  late  summer  (  Table 
15  1 ).  I  he  spec  i mens  that  comprise  the  catch  on  which  these 
figures  are  based  are  almost  entirely  postlareae  and  juve- 


I  \bi  t  I  *>  <  — NimiiIhtn  (.night  and  rang**  id  si/c*s  (in  mm)  ol  iwli  stage  of 
Mfinmfthtifk  t\phh>ps  aiiant'id  l>v  month  |.\I)  —  adults;  Jl  A  =  juveniles;  PL 
-=  po>fl, u\a«-  S  \1)  =  siihariulls). 


month 

PL 

JUV 

SAD 

AD 

NO. 

SIZE 

NO, 

SIZE 

NO. 

SIZE 

NO. 

SIZE 

JAN- FEB 

9 

5-12 

1  1 

12-27 

j 

39 

2 

86-50 

MARCH 

0 

1 

13 

2 

53-58 

0 

APR  1  L 

1 

13 

0 

0 

0 

JUNE 

t, 

8-12 

22 

12-35 

1 

85 

1 

87 

JULY 

3 

IG-I  3 

2 

21-21 

l 

87 

0 

AUG-SEPT 

u 

7-12 

37 

1  7-t*0 

1  1 

35-86 

\U 

87-73 

M0V-DEC 

0 

2 

26-33 

3 

38-39 

1 

71 

1  ABU  154. — Seasonal  abundance  and  jK-iteni  ol  total  abundance  (in 
parentheses)  tot  Melamphaes  typhlops  (Al)  =  adult;  |LY  =  juvenile;  PL  = 
postlarxa;  SAD  =  subadult;  I  <)  I  =  total.  The  figure  for  abundance  is  the 
sum  of  t lie  cat eb  rates  for  all  50-ni  intervals,  with  intei|>olation  foi  iitis.im- 
pled  inter  \ afs,  at  the  diel  [H-riod  showing  the  greatest  total  abundance;. 


SEASON 

PL 

JUV 

SAD 

AD 

TOT 

WINTER 

0. 705-2) 

3-3(71-7) 

0 

0 . 3 {  6.5) 

^ .  6 

LATE 

SPRING 

1.6(88.8) 

1 .7 (87.2) 

0 

0. 3 (  8.3) 

3-6 

LATE 

SUMMER 

0 

1 . 1  (too) 

0 

0 

1  .  1 

niles.  Most  ol  the  subadults  and  adults  were  caught  by  the 
KMT  in  late  August;  their  absence  in  an  adjacent  1KMT 
cruise  in  early  September  suggests  that  older  specimens 
could  hate  been  present  at  other  times  but  were  not  taken. 

Vertical  Distribution. — Discrete-depth  samples  (  Ta¬ 
ble  I  55)  captured  5  post  larvae  at  51-1 00  m  during  the  dav, 
and  6  at  I- I  00  m  at  night.  All  were  5-1  I  mm,  and  none 
were  metamorphosing;  presumably  they  do  not  migrate 
vertically.  One  8-mm  postlarva  was  caught  at  night  at  701- 
750  m.  Probably  it  is  a  contaminant.  Two  metamorphosing 
postlarvae  (both  12  mm  SI.),  were  caught  at  551-750  m 
timing  the  day,  indicating  that  metamorphosis  occurs  at 
depth.  At  night,  several  specimens  arbitrarily  called  juve¬ 
niles  (15-15  mm),  but  still  metamorphosing,  were  caught 
al  150-200  in,  suggesting  that  vertical  migration  begins 
before  metamorphosis  is  completed. 

All  stages  from  juvenile  to  adtdt  apparently  undertake 
diel  vertical  migrations.  Twelve  juveniles  were  taken  be¬ 
tween  55  1  and  1 000  m  during  the  day  and  I  2  between  1  5  I 
and  1000  m  at  night,  most  of  them  above  500  m.  The  only 
suhaduli  was  taken  during  the  dav  at  1001-1050  m.  'Two 
adults  were  taken  during  the  day  at  1 00 1  -1  I  50  m,  and  two 
at  night  at  55 1  -600  m. 

Ten  of  1  5  adults  taken  at  night  by  the  KMT  were  caught 
at  maximum  depths  between  725  and  1000  m;  the  remain¬ 
ing  three  were  from  maximum  depths  of  450  m  and  575 
m.  Although  the  KMT  sampled  to  1000  ni  during  the  day, 
it  caught  no  adults,  suggesting  that  adults  inhabit  depths 
below  1000  m  during  this  time.  This  is  also  indicated  In 
the  IKMT  data,  juveniles  and  subadults  were  taken  below 
700  m  during  the  dav  and  as  shallow  as  200  ill  at  night  in 
KMT  and  other  open-net  samples.  Both  the  discrete-depth 
(lata  l  Table  155)  and  open-net  data  indicate  that  larger 
spec  imens  tend  to  occupy  greater  depths  ho  ,t  dav  and 
night . 

nk.hi  Dav  Catch  Ratios. —  The  ratios  of  night  to  dav 
disc  rote-depth  capture-,  using  interpolation  for  unsampled 
depth  intervals,  were  1.2:1  in  winter,  1.6:1  ill  late  spring, 
and  5.7:1  in  late  summer  (  Table  156).  These  data  suggest 
clawimc  a\oi< lam  e,  but  the  numbers  ol  spec  imens  involved. 
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l  ABl  t  155. — Vertical  distribution  bv  50-ni  intervals  of  Melamphaes  typhlops  (Al)  =  adult;  JUV  =  juvenile; 
\  =  number  of  specimens;  FI.  —  post  larva;  SA  —  subadult;  SI.  =  standard  length  in  mm;  TOT  =  total;  X 
=  mean;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  cau  h;  asterisk  in  \  column  =  unsampled  interval  with  interpolated  catch). 


WINTER  LATE  SPRING  LATE  SUMMER 


DEPTH 

(M) 

CATCH  RATE 

SL 

CATCH  RATE 

SL 

CATCH  RATE 

PL  JUV  SA  AD  TOT 

N 

X  RANGE 

PL  JUV  SA  AD  TOT 

N 

X  RANGE 

PL  JUV  SA  A.n  T0T 

DAY 


51- 

100 

<1 

<1 

3 

10.0 

9-1 1 

101- 

150 

151- 

200 

201- 

250 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25 1  - 

300 

301- 

350 

351- 

400 

401- 

450 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

451- 

500 

501  - 

550 

- 

- 

- 

- 

55 1  - 

600 

<1 

<1 

1 

2 

18.5 

12-25 

60  I  - 

650 

651- 

700 

<1 

<1 

ft 

- 

- 

- 

- 

- 

70 1  - 

750 

<  1 

<1 

1 

17-0 

17 

- 

- 

- 

- 

- 

75 1  - 

800 

1 

1 

ft 

1 

1 

6 

17.5 

14-20 

So  l  - 

850 

1 

1 

2 

12.5 

12-13 

<1 

^  i 

» 

851- 

goo 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

go  I- 

950 

- 

- 

- 

- 

- 

<1 

<1 

951- 

1000 

- 

- 

- 

- 

- 

<1 

<1 

2 

33.9 

33-35 

- 

- 

- 

- 

- 

1001- 

1050 

<1 

<1 

1 

2 

44.5 

39-50 

- 

- 

- 

- 

- 

1051- 

1 100 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1101- 

1 150 

- 

- 

- 

- 

- 

<1 

<1 

1  48.0 

48 

TOTALS 

<1 

2 

<1 

<1 

4 

7 

<1 

2 

0 

0 

2 

1 1 

0 

0 

0 

<1 

<1 

1 

NIGHT 

1- 

50 

1 

1 

1 

9.0 

9 

51- 

100 

<1 

<1 

4 

8.0 

5-10 

<1 

<1 

1 

8.0 

8 

101- 

150 

151  - 

200 

1 

1 

1 

13.0 

13 

201- 

250 

<1 

<1 

1 

13-0 

13 

<1 

<1 

1  17.0 

17 

25  1  - 

300 

<1 

<1 

ft 

1 

1 

1 

16.0 

16 

301  - 

350 

1 

1 

1 

18.0 

18 

<1 

<1 

* 

351- 

400 

<1 

<1 

\ 

20.0 

20 

<) 

<1 

1 

27.0 

27 

401- 

450 

<1 

<1 

1 

13.0 

13 

45 1  - 

500 

<1 

<1 

2  24.0 

23-25 

501- 

550 

55 1  - 

600 

<1 

<1 

1 

46.0 

46 

<1 

<1 

1 

2 

28.5 

12-45 

- 

- 

- 

- 

- 

60 1  - 

650 

- 

- 

- 

- 

- 

65 1  - 

700 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1 

1 

1  40.0 

40 

70 1  - 

750 

<  1 

<1 

1 

8.0 

8 

- 

- 

- 

- 

- 

751- 

800 

80  l  - 

850 

851- 

goo 

- 

- 

- 

- 

- 

go  l- 

950 

1 

1 

ft 

- 

- 

- 

- 

- 

951- 

1000 

1 

1 

1 

27.0 

27 

TOTALS 

1 

3 

0 

<1 

4 

1 1 

2 

2 

0 

<\ 

4 

7 

0 

1 

0 

0 

1 

4 
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1  ABl.K  I  ”>rt. — Seasonal  niglu  to  dav  catch  ratios  of  Melamphaes  typhlops  (AI) 
=  adult;  Jl  V  =  juvenile;  1*1.  =  j>ostlaiva;  SAD  =  suhadult;  TOT  =  total  of 
all  stages;  *  =  no  cat*' 'h  during  one  or  both  diel  periods). 


SEASON 

PL 

JUV 

SAD 

AD 

TOT 

WINTER 

1.8:  1 

1  .U:  1 

0.8:  1 

1.2:  1 

LATE 

SPRING 

4.0:  I 

0.9:  I 

ft 

ft 

1  .6:  1 

LATE 

SUrtttER 

* 

ft 

ft 

* 

3-7:  I 

espcc  iallv  in  kite-  summer,  are  so  small  that  such  a  conclusion 
is  uncertain.  The  higher  night  ratio  is  attributable  mainly 
to  juveniles  in  winter  and  late  summer,  and  to  post  larvae  in 
late  spring.  The  dav  and  night  vertical  ranges  of  juveniles 
were  similar  (230-300  m  breadth)  in  winter  and  late  spring, 
no  compression  of  range  at  night  being  indicated  (no  juve¬ 
niles  were  taken  in  discrete-depth  samples  during  the  dav 
in  late  summer). 

Melamphaes  suborbitalis 

This  is  one  ol  the  larger  melamphaids,  attaining  a  stand¬ 
ard  length  of  at  least  90  mm.  It  is  rare  in  the  Ocean  Acre 
area,  tending  to  favor  the  more  productive  waters  off  the 
coasts  of  Africa  and  North  America.  In  the  North  Atlantic, 
its  range  is  from  30°  to  40® N  west  of  40° VV  and,  east  of 
30°\V,  from  the  equator  to  55°N.  Twenty  juveniles  20  to 
4  1  mm  were  taken  in  the  Ocean  Acre.  10  of  these  in 
discrete-depth,  none repose ular  samples  front  the  paired 
cruises  (  fable  1  47). 

Juveniles  undergo  a  diel  vertical  migration.  Daytime  dis¬ 
crete-depth  sampling  at  800,  900,  and  1025  m  took  5 
specimens,  and  open  nets  fishing  at  a  maximum  depth  of 
950  m  caught  two.  At  night,  six  specimens  were  taken  in 
disc  rctc-depth  samples  at  I  25,  1  75,  205,  275,  290,  and  800 
m.  and  open  nets  sampling  at  maximum  depths  of  150  to 
080  m  captured  seven. 

M.  suborbitalis  was  taken  in  the  Ocean  Acre  in  January, 
Fehruarv,  April,  June,  July,  August,  and  September. 

Melamphaes  longivelis 

This  is  anoi Iter  large  melamphaid  that  prefers  productive 
wains.  It  is  rare  in  the  Ocean  Acre  area,  being  more 
common  south  of  25°  V  F.ighlcen  specimens  were  taken, 

I  I  of  these  in  discrete-depth,  none  repusc  ular  samples  from 
I  lie  paired  c  riiises.  They  inc  lude  one  post  larva  (15  mm).  10 
juveniles  (  I  9  40  mm),  and  one  adult  female  ( I  27  mm). 

I  he  post  larva  was  c  aught  in  a  discrete-depth  sample  near 
dawn  at  I  10  in.  Juvenile  M.  longivelis  appeal  to  migrate  to 
shallow  depths  at  night.  Six  were  taken  in  discrete-depth 
samples  1 1 om  825  to  1025  m  during  the  dav;  at  night ,  four 


215  m,  and  six  in  open  nets  sampling  at  maximum  depths 
of  150  to  1250  m.  The  adult  came  from  an  open-net  haul 
to  a  maximum  depth  of  750  m. 

M.  longivelis  was  taken  in  the  Ocean  Acre  in  January, 
Fehruarv.  Marc  h,  June,  August,  and  September. 

Melamphaes  sp. 

I  bis  utidesc  l  ibed  species  of  Melamphaes  is  closely  related 
to  M.  indieus  and  M.  janae  (Keene,  personal  communica¬ 
tion).  The  species  inhabits  the  North  Atlantic  between  about 
25 °S  and  30° N;  in  the  northwestern  part,  it  has  not  been 
taken  between  10°  and  25°N.  Ocean  Acre  collections  con¬ 
tain  1 4  specimens  of  this  species,  4  of  them  from  discrete- 
depth,  noncrepuscular  samples  from  the  paired  cruises  (Ta¬ 
ble  147).  They  include  two  postlarvae  (15-16  mm),  ten 
juveniles  (16-37  mm),  and  two  adults  (51-54  mm). 

One  postlarva  was  caught  in  a  daytime  discrete-depth 
sample  at  633-680  m.  the  othei  in  an  open-net  sample  from 
a  maximum  of  1  150  m  during  the  dusk  migration  period. 
One  juvenile  was  taken  in  a  daytime  discrete-depth  sample 
at  808-865  m  and  another  in  a  davtime  open-net  sample 
from  a  maximum  depth  of  1550  m.  At  night  two  juveniles 
were  taken  in  discrete-depth  samples  at  230  and  1  75  m  and 
six  in  open-net  samples  at  maximum  depths  of  290  to  780 
m.  Both  adults  were  taken  by  the  large  F.MT,  one  during 
the  day  at  a  maximum  depth  of  800  til,  one  at  night  at  a 
maximum  depth  of  760  m.  The  data  for  juveniles  indicate 
that  thev  undergo  diel  vertical  migration. 

This  species  was  taken  in  the  Ocean  Acre  from  January 
to  August.  Three  specimens  (16-18  mm)  were  taken  in 
January  and  February,  four  (15-20  mm)  in  March,  one  (25 
mm)  in  April,  one  ( 1  8  mm)  in  June,  and  three  juveniles  (24, 
33.  37  mm)  in  August.  The  two  adults  were  taken  in  August. 

Melamphaes  ebelingi 

Most  known  specimens  of  this  species  are  from  near 
Bermuda  (Keene,  1973).  The  few  others  have  been  taken 
across  the  Atlantic  between  20°  and  25°  N.  with  one  at  5°S, 
I  6°  W.  Ocean  Ac  re  collections  contain  I  I  specimens,  4  of 
which  are  from  discrete-depth,  noncrepuscular  samples 
from  the  paired  cruises.  They  inc  lude  1  postlarva  (17  mm), 
7  juveniles  (20.8-37.8),  I  subadult  male  (50.0),  and  2  adult 
females  (I  24.8-1 37.4). 

During  the  day  one  juvenile  was  taken  in  a  discrete-depth 
sample  at  970-1060  m.  and  one  postlarva,  one  juvenile, 
and  the  only  subadult  were  taken  by  open  nets  sampling  to 
maximum  depths  of  870-1060  m.  At  night  juveniles  were 
taken  in  discrete-depth  samples  at  290  m  and  520  m  and  in 
none  losing  nets  fishing  to  maximum  depths  of  300-780  ill. 
One  adult  was  taken  at  night  in  a  discrete-depth  sample  at 
1483-1548  in,  the'  other  in  an  F.MT  at  a  maximum  depth 


vote  caught  in  discrete-depth  samples  from  140,  173,  and  of  1025  m.  I  lie  adult  from  the  eastern  Atlantic  was  cap- 
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Table  157.  —  Numbers  caught  and  sizes  (in  mm)  of  each  stage  of  Poromitra  capito  arranged  by  month 
(Al)  =  adults;  Jl.'V  =  juveniles;  PL  =  postlarvae;  SAD  =  subadults;  X  =  mean  size). 


PL 

JUV 

SAD 

AD 

MONTH 

NO. 

SIZE 

X 

NO. 

SIZE 

X 

NO. 

SIZE 

X 

NO. 

SIZE 

X 

JAN-FEB 

112 

5-15 

10.2 

108 

15-31 

19.4 

I 

58 

58.0 

0 

MARCH 

8 

8-15 

12.2 

76 

13-33 

22.2 

0 

l 

79 

79-0 

APRIL 

l 

13 

13.0 

L 

23-38 

31.1 

0 

0 

JUNE 

0 

27 

2U-47 

35-9 

4 

65-73 

68.3 

l 

87 

87.0 

JULY 

0 

4 

39-48 

43-3 

1 

6) 

61.0 

0 

AUG-OCT 

0 

63 

36-56 

45.1 

8 

51-80 

63-5 

13 

72-99 

84.1 

N0V-DEC 

0 

0 

0 

5 

82-99 

86.8 

t  uu*d  ill  night  in  an  open  net  fished  to  2100  in.  These  data 
suggest  that  juveniles  undertake  diel  vertical  migrations, 
hut  that  adults  may  not. 

The  Ocean  Acre  specimens  were  taken  from  February 
through  August.  The  17  mm  postlarva  was  taken  in  March, 
suggesting  a  kite  fall  or  winter  spawning  period.  Specimens 
in  June  were  21 -SI  mm;  in  July  50  mm;  in  August,  29,  38, 
51,  and  137  mm;  and  in  February,  125  nun.  The  17-38 
mm  specimens  almost  certainly  represent  year  class  zero. 
'File  50  mm  specimen  taken  in  July,  a  subadult,  probably 
was  in  its  second  year  of  life,  suggesting  that  sexual  maturity 
may  first  he  attained  in  the  second  fall  or  winter.  The 
presence  of  1  25  and  1  37  mm  specimens  suggests  a  life  span 
of  at  least  three  or  four  years. 

Melamphaes  simus 

One  adult  female  (28.0  mm)  M.  simus  was  taken  in  the 
Ocean  Acre  in  August  during  the  day  by  an  F.ngel  trawl 
fishing  to  1025  m.  I  he  main  populations  of  this  species  are 
in  the  eastern  Atlantic  and  the  Gulf  of  Mexico.  The  Ocean 
Acre  specimen  probably  was  a  waif  from  the  latter  popula¬ 
tion  in  the  Gulf  Stream  circulation. 

Melamphaes  polylepis 

M  pol\lepis  has  been  recorded  in  the  Atlantic  mostly 
between  2D°S  and  20°N,  hut  has  been  taken  in  the  Straits 
of  Florida.  One  juvenile  female  (37.0  mm)  was  captured  iti 
the  Ocean  Acre  area  in  August  during  the  day  by  an  FMT 
fishing  at  I  025  in. 

Poromitra  capito 

I  Ins  is  one  of  the  larger  melamphaids,  reaching  99  nun. 
Il  is  limited  in  distribution  mainly  to  the  subtropical  North 
Atlantic,  with  eastern  populations  reaching  50°N.  In  the 
Ocean  Acre  it  was  common  in  winter,  but  uncommon  in 


other  seasons.  A  total  of  437  specimens  was  taken  during 
all  cruises.  During  the  seasonal  paired  cruises  333  specimens 
were  taken,  177  of  these  in  discrete-depth  samples:  34 
during  the  day.  78  at  night,  and  65  during  crepuscular 
periods  (Table  147). 

Developmental  Stages. — Samples  from  all  cruises  in¬ 
cluded  121  post  larvae,  282  juveniles,  14  subadults  and  20 
adults.  Post  larvae  were  5-15  mm,  juveniles  13-56  mm, 
subadults  51-80  mm,  and  adults  72-99  mm.  All  specimens 
larger  than  30  mm  were  sexed.  Adult  females  are  larger 
than  adult  males  (92-99  mm,  mean  96.7  mm  vs.  72-87 
Him,  mean  82.7  mm). 

Reproductive  Cycle  and  Seasonal  Abundance. — Po¬ 
romitra  capito  probably  has  a  spawning  peak  in  November 
or  December  as  manifested  by  the  numbers  of  postlarvae  in 
January  and  February  (Table  157).  During  other  parts  of 
the  year  post  larvae  were  rare  or  absent  in  our  samples. 
Juveniles  also  were  abundant  in  January  and  February,  and 
they  predominated  at  all  other  times.  This  may  be  due  to 
the  scarcity  of  larger  sizes  or  the  ability  of  large  specimens 
to  avoid  the  1KMT.  Faigel  trawls  caught  18  of  the  34 
subadults  and  adults. 

The  average  size  of  juveniles  increases  progressively  from 
19.4  mm  in  January  to  45.1  mm  in  September  (Table  157). 
By  the  end  of  their  first  year  they  probably  attain  a  length 
of  about  50  mm.  They  appear  to  reach  a  length  of  about 

Table  I5H. — Seasonal  abundance  and  percent  of  total  abundance  (In 
parentheses)  for  Poromitra  capito  (AD  =  adult;  JUV  =  juvenile;  PL  = 
posilarva:  NAD  =  subadull,  TOT  =  local.  The  figure  for  abundance  is  the 
Mini  of  the  catch  rates  for  all  50-ni  intervals,  with  interpolation  for  unsam¬ 
pled  intervals,  at  the  diel  period  showing  the  greatest  total  abundance). 


SEASON 

PL 

JUV 

SAD 

AO 

TOT 

WINTER 

LATE 

6.3(26.3) 

17.7(73.8) 

0 

0 

2L.0 

SPRING 

LATE 

2.3(65.7) 

0.8(22.9) 

o.Mii  ,U) 

0 

3-5 

SUMMER 

0 

2.9000) 

0 

0 

2.9 
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Tablh  159. — Vertical  distribution  by  50-m  intervals  of  Poromtlra  capito  (AD  =  adult;  JUV  =  juvenile;  N  = 
number  of  specimens;  Pl.  =  posllarva;  SA  =  subadult;  SL  =  standard  length  in  mm;  TOT  =  total;  X  = 
mean;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch;  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 


WINTER  LATE  SPRING  LATE  SUMMER 


DEPTH 

(M) 

CATCH  RATE 

SL 

CATCH  RATE 

SL 

CATCH  RATE 

SL 

PL  JUV  SA  AO  TOT 

N 

X  RANGE 

PL  JUV  SA  AD  TOT 

N 

X  RANGE 

PL  JUV  SA  AD  TOT 

N 

X  RANGE 

DAY 


1- 

50 

<1 

<1 

1 

7-0 

7 

51- 

100 

1 

1 

2 

11.5 

10-13 

101- 

150 

1 

1 

1 

11.0 

1  1 

151- 

200 

201  - 

250 

- 

-  -  - 

- 

- 

- 

- 

- 

251- 

300 

301- 

350 

35 1  - 

400 

40 1  - 

450 

- 

-  -  - 

- 

- 

- 

- 

- 

451- 

500 

501- 

550 

1 

1 

1 

14.0 

14 

- 

- 

- 

- 

55 1  - 

600 

601- 

650 

651- 

700 

<1 

<1 

ft 

70 1  - 

750 

<1 

<1 

1 

15-0 

15 

<1 

<1 

751- 

800 

<1 

2  1 

3 

ft 

<1 

<1 

80 1  - 

85O 

5 

5 

14 

15.7 

15-17 

<1 

<1 

851- 

900 

4 

4 

* 

go  1- 

950 

2 

2 

ft 

<1 

<1 

<1 

1 

951- 

1000 

1 

1 

ft 

1 

<1 

<1 

1 

1001- 

1050 

<1 

<1 

<1 

1 

1051- 

1  100 

-  -  - 

- 

- 

1101- 

1150 

1 

1 

2 

22.2 

15-31 

TOTALS 

4 

14  0  0 

18 

22 

0  2 

1 

<1 

4 

NIGHT 


101  - 

150 

3 

3 

15 

1 1  . 

,  1 

9- 

13 

151- 

200 

2 

<1 

2 

12 

12. 

9 

1 1- 

2 1 

20 1  - 

250 

<1 

6 

6 

19 

23- 

2 

10- 

29 

251- 

300 

<1 

3 

3 

ft 

301- 

350 

l 

1 

1 

19 

.0 

19 

351- 

400 

1 

1 

4 

21 

.4 

17 

-24 

40 1  - 

450 

3 

3 

9 

21 

■  7 

16- 

-29 

451- 

500 

50 1  - 

550 

551- 

600 

1 

1 

l 

3 

15 

.0 

14- 

-16 

60  1  - 

650 

651  - 

700 

<1 

<1 

* 

70  1  - 

750 

l 

l 

2 

15 

.5 

15- 

-16 

751  - 

800 

<1 

<1 

1 

15 

.0 

15 

80  1  - 

850 

851- 

900 

901- 

950 

1 

1 

ft 

95 1  - 

1000 

1 

1 

1 

16 

.0 

16 

1001- 

1050 

l 

l 

1 

16 

.0 

16 

ft 

1  39-0  39 

ft 

ft 

7  52 -*♦  26-87 

ft 


<1 

1 

l 

1 

<1 


<1 

1 

1 

l 

<1 


ft 


2 

ft 

2 

* 


42.5  40-45 
49-5  49-50 


8 


0  300  34 


1  25.O  25  <1 

*  1  <1 

2  33-5  29-38 


<1  1  48.0  48 

1  5  45.4  37-48 


1  65.O  65 


TOTALS  6  18  0  0  24  68 


0  2  <1  0  24 


0  1  <1  0  16 


70  inn i  bv  lilt*  end  of  their  second  year,  and  in  their  third 
year  thev  become  adults  and  spawn.  There  is  no  evidence 
to  suggest  that  they  live  beyond  three  years. 

P.  capito  was  abundant  in  winter,  but  uncommon  in  late 
spring  and  late  summer  (Table  138).  Post  larvae  and  juve¬ 
niles  constitute  the  vast  majority  of  the  catch  in  discrete- 
depth  samples,  and  these  stages  are  at  peak  abundance  in 
winter.  The  radical  decline  in  catch  rate  for  the  other  two 
seasotts  must  be  the  result  of  juveniles  attaining  a  size  and 
development  that  allowed  them  to  avoid  the  IK.MT.  The 
large  winter  catch  in  discrete-depth  samples  was  composed 
almost  entirely  of  specimens  smaller  than  SO  mm  SL,  and  it 
would  seem  that  avoidance  ability  becomes  increasingly 
effective  at  sizes  larger  than  SO  mm. 

Vertical  Distribution. — Discrete-depth  noncrepuscu- 
lar  sampling  bv  the  paired  cruises  resulted  in  the  capture  of 
1  12  specimens:  90  in  winter,  12  in  late  spring,  and  10  in 
late  summer.  All  of  the  winter  specimens  were  postlarvae 
and  juveniles  up  to  SI  mm  SL.  During  June  and  September 
mostly  larger  sizes  (over  SO  mm)  were  taken,  but  not  in 
abundance.  Consequently  the  vertical  distribution  picture 
based  on  discrete-depth  samples  is  limited  mainly  to  postlar- 
vae  and  juveniles  (  Table  139). 

In  winter  4  postlarvae  were  caught  during  the  day  be- 
tyveen  30-  I  30  m  and  2  metamorphosing  postlarvae  at  501  - 
730  m.  At  night  20  postlarvae  were  caught  between  101  — 
200  m  and  2  metamorphosing  postlarvae  at  551-600  nt. 
Post  larvae  inhabiting  tbe  50-200  m  stratum  do  not  appear 
to  migrate.  Transitional  postlarvae  and  small  juveniles  (up 
to  17  mm  SL)  occur  in  deeper  water,  551-1050  m,  where 
metamorphosis  apparently  occurs. 

Some  small  juveniles  (16- 19  mm)  were  taken  at  301-450 
m,  indicating  that  some  individuals  begin  to  undertake 
vertical  migrations  at  this  size.  Juveniles  larger  than  about 
20  mm  anti  subadults  show  a  definite  vertical  migration. 
They  occurred  between  about  751  m  and  1050  or  1100  m 
during  the  day  (perhaps  to  1  550  m)  and  were  taken  at  25 1  - 
550  m  at  night. 

I  tie  only  adult  taken  in  a  discrete-depth  sample  was  from 
9.31-1000  m  during  the  day.  In  nets,  mostly  F.MT 

samples  in  September,  adults  were  caught  only  below  1000 
m  during  the  day,  while  at  night  they  were  taken  as  shallow 
as  750  m. 

Stage  stratification  is  apparent  in  winter  (Table  159). 
During  daytime,  small  postlarvae  were  taken  in  the  upper 
150  in,  larger  ones  at  501-800  m;  juveniles  occurred  be¬ 
tween  731-1000  m.  At  night,  postlarvae  were  taken  at 
101-300  m  (some  of  these  apparently  were  new  migrators; 
a  nonmigrator  was  at  551-600  in);  juveniles  occurred  at 
151-430  m,  nonmigrators  below  550  m. 

Size  stratification  is  indicated  at  other  seasons,  and  the 
few  subadults  and  adults  suggest  stage  stratification  as  well. 
During  the  tlav  in  late  spring  (  Table  159),  juveniles  oc¬ 
curred  ,it  701-1050  m,  subadults  and  adults  oniy  at  901- 


I  AB1.E  I  fiO. — Seasonal  night  to  day  catch  ratios  of  Poromitra  capita  (At)  = 
adult;  JUV  =  juvenile;  PL  =  postlarva;  SAI)  =  subadult;  TOT  =  total  of 


all  stages;  * 

=  no  catch  during 

one  or 

both  diel  periods). 

SEASON 

PL 

JUV 

SAD 

AO 

TOT 

WINTER 

1  .6:  1 

1.2: 

1  ft 

it 

1.3:1 

LATE 

SPRING 

0.7: 

1  0  .  c* :  1 

it 

0.6:1 

LATE 

SUMMER 

* 

0.4: 

1  * 

ft 

0.5:1 

1050  m.  'The  largest  individuals  were  taken  at  the  latter 
depth.  During  the  day  in  late  summer,  both  specimens  taken 
at  901-950  m  were  smaller  than  the  two  taken  at  1001- 
1050  m.  At  night,  size  increases  with  depth  in  late  spring. 
The  late  summer  data  are  inconclusive. 

The  extent  of  vertical  migration  appears  to  decrease  with 
increasing  size  of  fish.  Small  juveniles  migrate  from  about 
700-850  m  to  150-250  m  (Table  159,  winter),  larger 
juveniles  from  750-1050  m  to  250-400  m  (Table  159,  late 
spring  and  late  summer).  Subadults  migrate  from  about 
951-1000  m  only  to  501-550  m  (Table  159,  late  spring). 
Adults,  as  already  indicated,  were  not  taken  above  750  m 
at  night  in  open  nets  (mostly  EMT's). 

Patchiness. — Patchiness  of  distribution  was  indicated 
only  in  winter,  at  which  time  clumping  was  shown  at  80 1  — 
850  til  during  the  day  and  at  101-150  m  and  551-600  m 
at  night.  The  largest  specimen  at  any  of  these  depth  inter¬ 
vals  was  1  7  mm  SL;  thus  it  appears  that,  at  sizes  larger  than 
17  mm,  the  distribution  is  not  characterized  by  patchiness. 

Nk;ht:Day  Catch  Ratios. — The  ratios  of  night  to  day 
discrete-depth  captures,  using  interpolation  in  unsampled 
depth  intervals,  were  1.3:1  in  winter,  0.6:1  in  late  spring, 
and  0.5:1  in  late  summer  (Table  160).  Postlarvae  appear  to 
be  almost  solely  responsible  for  the  yvinter  ratio,  at  which 
time  those  postlarvae  at  shallow  depths  appear  to  avoid  the 
net  during  daytime.  The  winter  ratio  for  shallow  postlarvae 
alone  is  2.4:1,  that  for  all  postlarvae  1.6:1,  and  that  for 
juveniles  1.2:1.  When  catch  rates  are  considered  without 
interpolation  at  unsampled  intervals,  the  winter  juveniles 
(up  to  3  1  mm  SL)  also  show  a  pronounced  night  bias  (2.6: 1 ). 
Possibly  these  smaller  juveniles  also  avoid  the  net. 

It  seems  highly  doubtful  that  the  ratios  for  late  spring 
and  late  summer  are  meaningful,  because  the  actual  samples 
consisted  of  only  12  and  10  specimens,  respectively.  With¬ 
out  interpolation,  the  ratios  of  the  catch  rates  were  0.8:1 
and  1:1.  respec  tively  .  Furthermore,  the  probability  that  all 
larger  sizes  avoid  the  net  at  all  times  already  has  been 
suggested. 

Poromitra  megalops 

This  species  has  a  circumtropical  distribution  (Ebeling 
and  Weed,  1973).  In  the  western  North  Atlantic  north  of 
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I 

I 

15°\.  it  has  been  taken  in  the  Gulf  of  Mexico,  the  western 
I  part  of  the  northern  Sargasso  Sea,  and  in  temperate  waters 

]  east  of  55°W  between  40°  and  50°N.  Four  specimens  were 

I  taken  in  the  Ocean  Acre,  two  of  these  in  discrete-depth, 

!  noncrepuscular  samples  from  the  paired  cruises.  They  in- 

( lude  one  20-intii  juvenile  and  three  subadult  males,  35-45 
mm. 

The  juvenile  was  taken  at  night  in  September  in  a  dis¬ 
crete-depth  sample  at  894-925  m.  One  subadult  was  taken 
in  April  by  an  open  net  fishing  to  750  m;  the  other  two 
were  caught  in  June  during  the  day,  one  in  a  discrete-depth 
sample  at  970-1060  m,  the  other  in  an  oblique  haul  from 
970  m. 


Scopelogadus  mizolepis  mizolepis 

This  species  is  uncommon  in  the  Ocean  Acre.  It  has  a 
tropical-semisubtropical  distribution  in  the  Atlantic,  occur¬ 
ring  in  reduced  numbers  north  of  30° N  in  the  western 
North  Atlantic.  Fbeling  and  Weed  (1973)  examined  743 
specimens  captured  north  of  10°N,  of  which  only  55  were 
taken  north  of  about  30°N.  A  total  of  127  specimens  was 
taken  in  the  Ocean  Acre,  31  in  discrete-depth  samples,  23 
of  these  in  noncrepuscular  samples  on  the  paired  cruises. 

Developmental  Stages. — No  postlarvae  were  taken. 
The  49  juveniles  were  9-47  mm.  At  9-10  mm  they  had 
acquired  the  large  scale  pockets  and  pigmentation  charac¬ 
teristic  of  the  larger  stages,  and  at  35-40  mm  a  small  degree 
of  gonad  development  was  evident.  Fifty-four  subuduhs 
were  38-58  mill,  and  24  adults  52-66  mm  (Table  161). 
Fbeling  and  Weed  (1963)  recorded  adults  as  large  as  90 
mm  but  observed  that,  in  unproductive  waters  such  as  the 
Sargasso  Sea,  S.  m.  mizolepis  does  not  attain  as  large  a  size 
as  in  productive  waters. 

Reproductive  Cycle  and  Seasonal  Abundance. — 
"File  absence  of  postlarvae  indicates  that  this  species  prob- 
ably  does  not  breed  as  far  north  as  the  Ocean  Acre  area. 
Older  stages  presumably  stray  into  the  area  from  the 
warmer  waters  of  the  Southern  Sargasso  Sea. 


Tabu:  161 .  —  Numbers  caught  and  range  of  sizes  (in  nun)  of  each  stage  of 
Scopelogadus  m.  mizolepis  arranged  by  month  (AO  =  adults;  JUV  =  juveniles; 
SAD  =  subadults). 


JUV 

SAD 

AO 

MONTH 

NO.  SIZE 

NO.  SIZE 

NO.  SIZE 

JAN-FEB 

1 

17 

1 

49 

0 

MARCH 

5 

15-39 

5 

41-54 

4 

54-62 

APRIL 

2 

28-29 

2 

42-50 

0 

JUNE 

21 

9-39 

15 

M-58 

4 

52-66 

JULY 

0 

2 

46-50 

1 

60 

AUG-SEPT 

20 

15-47 

28 

38-55 

>5 

54-65 

NOV'OEC 

0 

1 

*42 

0 

Tabu  162. — Catch  rate  of  Scopelogadus  m.  mizolepis  by  50-m  intervals  for 
the  did  |>eriod  having  the  maximum  rate  at  each  season  (interpolated  values 
in  parentheses). 


DEPTH  (M) 

LATE  SPRING 

DAY 

LATE  SUMMER 

DAY 

WINTER 

NIGHT 

351-  400 

0 

0 

0.3 

401-  450 

(0) 

0 

0 

451-  500 

0 

0 

0 

501-  550 

(0) 

0 

0 

551-  600 

0 

0 

0 

601-  650 

0 

0 

0 

651-  700 

0.3 

(0) 

(0) 

701-  750 

(0.6) 

0 

0 

751-  800 

0.8 

0 

0 

801-  850 

(0.8) 

0 

0 

851-  goo 

0.7 

(0.5) 

0.5 

901-  950 

(0.5) 

1 .0 

(0.3) 

951-1000 

0.2 

(0.5) 

0 

1001-1050 

(0.1) 

0 

0 

TOTALS 

4.0 

2.0 

1 . 1 

The  presence  of  small  specimens  (9- 1 5  mm  SL)  in  March, 
June,  and  September  (  Fable  161)  indicates  that  the  breed¬ 
ing  season  probably  extends  from  late  winter  to  summer. 

Scopelogadus  m.  mizolepis  was  most  abundant  in  late 
spring,  decreasing  in  numbers  by  late  summer  through 
winter;  total  abundances  (Table  162)  were:  late  spring  4.0, 
late  summer  2.0,  winter  1.1.  These  figures  are  based  on  a 
total  of  only  23  discrete-depth  captures,  but  the  numbers 
in  Fable  161  suggest  that  the  relative  abundances  probably 
are  correct.  More  specimens  were  taken  in  August-Septem- 
ber  than  in  June,  but  the  vast  majority  were  taken  by  the 
KMT,  whereas  June  includes  only  I  KMT  samples.  From 
November  through  February,  although  91  net  hauls  were 
made,  only  3  specimens  were  captured. 

The  dearth  of  late  fall  and  winter  captures  suggest  that 
.S',  m.  mizolepis  enters  the  Ocean  Acre  area  onlyduring  the 
warmer  seasons. 

Vertical  Distribution. — In  discrete-depth  noncrepus¬ 
cular  samples  from  the  paired  cruises,  all  1 1  specimens 
taken  during  the  day  were  from  between  651  and  1000  m. 
At  night,  12  were  taken  between  51  and  400  m  and  one 
(17  nun  SL)  at  851-900  ill.  Open-net  captures  support  the 
discrete-depth  data:  daytime  captures  were  from  650  til  or 
deeper,  night  captures  as  shallow  as  100  til. 

Only  the  data  for  iate  spring  are  extensive  enough  to 
clearly  indicate  diel  migratory  behavior  for  all  three  stages, 
and  the  night  data  show  size-depth  stratification.  During 
the  day,  they  occupy  depths  of  651-1050  til.  The  10  spec¬ 
imens  taken  at  night  were  distributed  as  follows:  3  speci¬ 
mens,  9-20  mm,  at  51-100  m;  one  specimen  28  mm,  at 
151-200  m;  6  specimens,  45-58  111111,  at  201-250  m. 

Fbeling  and  Weed  (1963)  calculated  that  the  average 
daytime  depth  of  capture  of  postlarvae  and  young  of  this 
species  was  533  m,  while  the  average  nighttime  depth  was 
268  in;  for  large  young  and  adults,  the  average  daytime 
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depth  was  1150  m,  the  nighttime  average  depth  4-47  ill. 
However,  thev  concluded  that  much  of  tile  difference  be¬ 
tween  the  davtiine  and  niglittiine  averages  might  be  artifi¬ 
cial,  because  a  large  number  of  their  specimens  came  from 
the  Dana  collections,  wliicfi  comprised  mostly  shallow  night¬ 
time  hauls  (average  depth  150  m)  and  deep  davtiine  hauls 
(average  depth  717  m).  They  did  conclude  that  younger 
individuals  occupied  shallower  depths  than  older  ones. 

The  Ocean  Acre  data  indicate  that  members  of  this 
species  undergo  a  diel  vertical  migration,  and  they  support 
Fbeling  and  Weed’s  observations  on  si/e-depth  stratifica¬ 
tion. 

\k;ht:1)ay  Catch  Ratios. — Sums  of  catch  rates  for  all 
50-m  depth  intervals,  using  interpolation  in  unsampled 
intervals,  were  greater  during  the  dav  than  at  night  in  late 
spring  (0.8:1)  and  late  summer  (0. 1:1).  file  onlv  two  winter 
specimens  were  taken  at  night.  Without  interpolation  the 
late  spring  catch  was  higher  at  night.  The  data  are,  thus, 
c(|uivocal  as  to  the  relative  effectiveness  of  dav  or  night 
sampling. 

Scopelogadus  beanii 

This  species  is  rare  in  the  Ocean  Acre,  where  it  is  at  the 
southern  extent  of  its  western  North  Atlantic  range.  Onlv 
Iti  juveniles  ( 1 .8-35  mm)  were  taken.  All  undoubtedly  were 
stravs  from  more  northern  waters. 

Vertical  Distribution. —  During  the  day,  one  was 
taken  in  a  discrete-depth  sample  at  1000-1070  m,  and  7 
were  t  aught  in  nondiscrete  samples  from  maximum  depths 
of  950  to  1920  in.  At  night,  four  specimens  were  taken  in 
discrete-depth  samples  at  725,  975,  and  1000  m,  and  four 
in  open  nets  sampling  maximum  depths  from  880  to  2440 
m.  These  data  suggest  a  limited  diel  migration. 

Kbeling  and  Weed  (1973)  found  that  the  upper  limit  of 
S.  beanii  adults  was  800-1000  in.  halfgrown  500-600  m, 
mil  voting  about  150  m.  All  the  Ocean  Acre  juveniles, 
however,  were  t  aught  below  700  m,  suggesting  that  these 
stravs  prefer  cooler  deeper  water. 

The  few  specimens  of  .S',  beanii  were  taken  during  Feb- 
ruarv.  March,  June.  July.  August,  and  December. 

Scopeloberyx  opisthopterus 

A  fairlv  small  species,  S.  opisthopterus  attains  a  maximum 
length  of  about  39  mm.  It  occurs  ill  the  Atlantic  from  about 
IONS  to  10“  N.  but  appeals  to  be  absent  in  the  polygon 
between  the  C(|tiatoi  and  30 "N  bounded  bv  30°  atld60°W. 

I  Ins  was  the  second  most  abundant  melamphaid  in  the 
O' can  At  tc  area  at  all  seasons;  onlv  M.  pumilus  was  more 
abundant.  A  total  of  595  specimens  was  taken,  206  of  them 
in  (list  rele-depth  samples,  1  95  from  limit  repuscular  samples 
tint  mg  the  paired  1 mixes  (  l  ahle  1  47). 

Devei.opm eveai.  Stacks. — The  595  specimens  include 


19  post  larvae.  241  juveniles,  84  subadults,  and  251  adults. 
Post  larv  ae  possess  small  melanophores  scattered  over  their 
otherwise  unpigmented  bodies  and  range  from  4-13  mm. 
Juveniles  are  12-27  mm,  subadults  25-32  mm,  and  adults 
29-39  mm. 

Sexual  dimorphism  in  size  exists  in  this  species,  females 
being  slight lv  larger  than  males.  Subadult  males  are  25  to 
31  mm  (mean  27.6  min),  females  27  to  32  mm  (mean  29.9 
mm).  Adult  males  are  29  to  37  mm  (mean  3  1 .7  mm),  females 
29  to  39  mm  (mean  34.7  mm). 

Sex  Ratios. — Among  juveniles,  males  outnumbered  fe¬ 
males  at  everv  season  represented  b,  a  reasonable  sample, 
allbough  the  difference  was  statistically  significant  only  for 
June  (  Fable  164).  The  same  tendency  characterizes  suba¬ 
dults,  but  is  less  obv  ious  because  of  the  small  number  of 
specimens  of  this  stage.  Among  adults,  the  tendency  appears 
to  reverse,  with  females  more  abundant  than  males  during 
the  first  six  months  of  the  year.  This  suggests  a  greater  male 
mortaliiv  prior  to  or  just  after  spawning.  From  July  through 
December,  an  equalization  or  reversal  again  appears,  pos¬ 
sible  due  to  the  gradual  decimation  of  postspawning  fe¬ 
males. 

Reproductive  Cvci.e  and  Seasonal  Abundance. — Sco¬ 
peloberyx  opisthopterus  appears  to  breed  at  least  from  spring 
through  summer,  as  reflected  by  the  occurrence  of  postlar¬ 
vae  from  June  to  September  ('Fable  163).  The  life  cycle 
may  be  deduced  from  the  seasonal  length-frequencies  (Ta¬ 
ble  1 65).  The  winter  length-frequency  is  bimodal,  one  mode 
(30-39  mm)  comprising  adults  that  presumably  will  breed 
in  the  spring  and  summer,  the  other  mode  being  medium- 
size  juveniles  (16-22  mm)  recruited  from  the  past  year's 
spawning.  In  late  spring,  night  data  especially  show  one 
mode  (22-28  mm)  including  both  large  juveniles  and  su- 
hadults  that  probably  represent  the  medium-size  winter 
juveniles,  and  a  second  mode  in  the  adult  size  range  (32- 
34  mm),  which  may  represent  the  later-spawning  adults. 
'Fhe  paucity  of  large  adults  (35-39  mm)  in  late  spring 
suggests  that  these  have  died  after  an  earlier  spawning.  The 
data  for  late  summer  show  three  modes;  one  comprised 
mostly  of  large  juveniles  (23-25  mm),  presumably  repre¬ 
senting  the  smaller  juveniles  of  late  spring;  one  of  subadults 
and  small  adults  (29-33  111111),  presumed  to  represent  the 
larger  juveniles  from  late  spring;  and  one  of  post  larvae  and 
v ci  v  small  juveniles  (12-1 5  mm)  that  will  become  the  larger 
winter  juveniles. 

A  2-vear  life  cycle  is  suggested  by  the  progression  of  size 
modes.  Post  larvae  (8-9  mm)  just  entering  the  catch  in  late 
spring  form  a  mode  at  the  smallest  juvenile  sizes  (12-15 
mm)  in  late  summer,  which  progresses  to  the  mid-juvenile 
stage  (16-22  mm)  in  winter,  to  the  large  juvenile-subadult 
stage  (22-28  mm)  In  the  following  spring.  In  late  summer 
of  their  second  year  this  modal  group  attains  the  small-adult 
stage  (29-33  nun)  that  will  become  the  large  adults  of  winter 
and  spawn  in  the  spring  of  their  second  veal  . 
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Tarlk  163. — Numbers  caught  and  sizes  (in  mm)  of  each  stage  of  Scopeloberyx  opisthopterus  arranged  by 
month  (AD  =  adults;  JUV  =  juveniles;  PL  =  post  larvae;  SAD  =  subadults;  X  =  mean  size). 


PL 

JUV 

SAD 

AD 

MONTH 

NO. 

SIZE 

X 

NO.  SIZE 

X 

NO. 

SIZE 

X 

NO. 

SIZE 

X 

JAN-FE8 

0 

60 

16-25 

19-8 

4 

26-30 

28.2 

64 

29-39 

34.  1 

MARCH 

0 

29 

17-27 

21.9 

20 

27-31 

29.1 

50 

31-38 

34.9 

APRIL 

0 

17 

16-25 

20.2 

2 

27-29 

28.0 

14 

31-36 

33-3 

JUNE 

5 

8-13 

10. 6 

37 

12-25 

22.0 

9 

26-32 

28.8 

30 

29*36 

32.8 

JULY 

5 

6-12 

7-8 

6 

20-25 

23-2 

1 1 

25-32 

28.2 

21 

30-35 

32.5 

AUGUST  (EMT) 

0 

33 

21-27 

24.0 

10 

26-31 

28.7 

13 

31-37 

33-8 

SEPTEMBER 

9 

A- 13 

9.6 

57 

12-26 

20.0 

14 

26-31 

28.9 

30 

30-39 

33-2 

NOVEMBER 

0 

l 

26.0 

2 

25-27 

26.0 

10 

32-37 

34.1 

LATE  NOV-DEC 

0 

1 

26.0 

12 

26-32 

28.7 

19 

30-37 

32.9 

Table  164. — Numbers  of  each  sex  for  each  stage  of  Scopeloberyx  opisthop¬ 
terus  by  months  (AD  =  adult;  F  —  female:  JUV  =  juvenile;  M  =  male;  SAD 
=  subadtdt:  TOT  -  total  of  all  three  stages;  significant  differences  indicated 
by  Chi-square  test  shown  by  a  single  asterisk  (p  =  .05)  or  two  asterisks  (p  =* 
.01)). 


MONTH 

JUV 

SAD 

AO 

TOT 

M 

F 

M 

F 

M 

F 

M 

F 

JAN-FEB 

32 

28 

2 

1 

27 

34 

61 

63 

MARCH 

17 

12 

9 

1 1 

21 

28 

47 

51 

APRIL 

9 

8 

1 

I 

4 

9 

14 

18 

JUNE 

25 

12* 

4 

2 

3 

24** 

32 

38 

JULY 

4 

2 

6 

5 

10 

1  1 

20 

18 

AUG  (EMT) 

18 

II 

5 

5 

0 

0 

0 

SEPTEMBER 

23 

12 

8 

5 

15 

13 

79 

46* 

0CT-N0V 

i 

2 

0 

4 

6 

6 

7 

N0V-0EC 

1 

0 

7 

4 

1  1 

8 

19 

12 

Table:  Itifi.- 

— Seasonal  abundance 

and 

percent 

of  total 

abundance  (in 

parentheses)  for  Scopeloberyx  opisthopterus  (AD  =  adult;  JUV  =  juvenile;  PL 
=  post  larva;  SAD  =  subadult;  TOT  =  total.  The  figute  for  abundance  is 
the  sum  of  the  catch  rates  for  all  50-m  intervals,  with  interpolation  for 


unsampled  intervals,  at  the  diel  period  showing  the  greatest  total  abun¬ 
dance). 


SEASON 

PL 

JUV 

SAD 

AD 

TOT 

WINTER 

0 

45.3(70.7) 

0 

18.7(29.2) 

64.0 

LATE 

SPRING 

0-5 (  3-2) 

6.0(38.7) 

4.0(25.8) 

5-0(32.2) 

15-5 

LATE 

SUMMER 

o.  3  <  1.5) 

12.3(60.3) 

3.507.2) 

4.3(21.1) 

20.4 

Table  1 65. — Seasonal  day  and  night  catch  rates  of  Scopeloberyx  opisthopterus 
for  each  nun  of  standard  length  (SL).  Interpolation  was  used  for  unsampled 
50-m  intervals  judged  to  be  within  the  depth  range  of  the  species.  (Blank 
space  =  no  specimens  taken.) 


SL  (MM) 

LATE 

SPRING 

LATE 

SUMMER 

WINTER 

DAY 

NIGHT 

DAY 

NIGHT 

DAY 

NIGHT 

8 

0.2 

9 

0.3 

10 

1 1 

0.3 

12 

0.5 

0.3 

13 

0.45 

0.75 

14 

0.3 

2.85 

15 

0. 1 

0.3 

2.55 

16 

1.5 

17 

0.25 

0.3 

0.75 

18 

0.4 

19 

0.3 

12.0 

20 

0.5 

0.75 

16.5 

21 

0.2 

0.45 

6.0 

22 

2.35 

0.45 

0.8 

1-5 

23 

1.75 

0.95 

3.85 

0.75 

24 

0.3 

2.3 

3.75 

1.05 

25 

0.8 

1.15 

1.5 

0.3 

3.0 

26 

0.6 

0.75 

0.8 

0.7 

0.75 

27 

0.15 

0.5 

0.5 

0.75 

28 

0.3 

1.0 

0.3 

29 

0.55 

0.7 

0.45 

30 

0.2 

0.3 

1.25 

1.2 

0.75 

31 

0.55 

2.15 

2.2 

1.5 

32 

0.4 

1.9 

0.95 

2.25 

1.95 

33 

2.  1 

1.55 

0.6 

1.65 

1.5 

34 

0.3 

2.0 

0.35 

2.25 

35 

0.45 

0.15 

0.3 

0.75 

3.0 

36 

0.7 

0.6 

2.25 

3.0 

37 

0.5 

4.5 

38 

1.25 

39 

1.5 
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The  possibility  of  two  spawning  peaks  is  suggested  by- 
similar  progression  from  the  small  juveniles  (14-17  mm)  in 
late  spring,  to  the  large  juveniles  (12-27  mm)  of  late  sum¬ 
mer  and  the  small  adults  (29-33  mm)  of  winter  that  will  be 
the  late  spring  and  summer  spawners  of  the  coming  season. 

Scopeloberyx  opisthopterus  was  most  abundant  in  winter, 
least  abundant  in  late  spring,  and  slightly  more  abundant 


in  late  summer  than  in  late  spring  (Table  166).  These 
estimates  of  relative  abundance  probably  are  reasonable  for 
most  juveniles,  subadults,  and  adults,  but  postlarvae  and  the 
smallest  juveniles  are  not  adequately  sampled.  The  figure 
for  winter  probably  represents  the  actual  population,  with 
juveniles  and  adults  representing  the  2-year  classes,  and 
with  postlarvae  and  subadults  absent  or  scarce.  In  late 


TABLE  167. — Vertical  distribution  by  50-tn  intervals  of  Scopeloberyx  opisthopterus  (AD  =  adult;  JUV  = 
juvenile;  N  =  number  of  specimens;  PL  =  postlarva;  SA  =  subadult;  SL  =  standard  length  in  min;  TOT  = 
total:  X  =  mean;  blank  space  in  column  =  no  catch  in  a  sampled  interval;  dash  =  unsampled  interval  without 
interpolated  catch:  asterisk  in  N  column  =  unsampled  interval  with  interpolated  catch). 


LATE  SPRING 


LATE  SUMMER 


DEPTH  CATCH  RATE 

(M)  _ 


CATCH  RATE 


CATCH  RATE 


PL 

JUV 

SA 

AD 

TOT 

N 

X 

RANGE 

PL 

JUV 

SA 

AD 

TOT 

N 

X 

RANGE 

PL 

JUV 

SA 

AD 

TOT 

N 

X 

RANGE 

DAY 

101-  150 

<1 

<1 

1 

1  1  .0 

1  1 

801-  850 

<1 

<1 

1 

ft 

851-  900 

<1 

1 

1 

3 

19-3 

13-23 

1 

<1 

2 

ft 

901-  950 

<1 

1 

<1 

<1 

2 

it 

3 

<1 

3 

9 

25.1 

20-36 

951-1000 

<1 

<1 

* 

2 

<1 

1 

3 

13 

26.5 

19-36 

3 

<1 

3 

ft 

1001-1050 

<1 

<1 

1 

31.0 

31 

1 

vl 

<1 

2 

* 

3 

<1 

3 

9 

24.2 

21-33 

1051-1100 

1 

1 

* 

1 

1 

1 

23.0 

23 

2 

1 

1 

3 

ft 

HOI-1150 

1 

1 

ft 

1 

1 

1 

33.0 

33 

1 

1 

1 

3 

8 

28.4 

25-33 

H5I-I200 

1 

1 

* 

1 

1 

1 

22.0 

22 

1 

l 

1 

32.0 

32 

1201-1250 

1 

1 

1 

36.0 

36 

<1 

<1 

1 

2 

29.5 

26-33 

1251-1300 

1 

4 

5 

10 

32.8 

26-39 

<1 

<1 

<1 

ft 

I301-1350 

1 

2 

3 

ft 

" 

- 

- 

- 

- 

1351-1400 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1 

1 

ft 

1601-1^50 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1 

1 

ft 

11.51-1500 

1 

1 

ft 

31.5 

29-33 

1 

1 

ft 

1 

1 

1 

31.0 

31 

1501-1550 

3 

3 

8 

1 

1 

4 

32.0 

29-35 

2 

2 

3 

32.7 

30-37 

TOTALS 

0 

0 

2 

14 

16 

20 

1 

7 

1 

5 

14 

25 

<1 

12 

4 

4 

20 

32 

NIGHT 

51-  too 

1 

1 

3 

8.7 

8-9 

101-  150 

151-  200 

201-  250 

1 

1 

3 

31.3 

30-32 

251-  300 

- 

- 

- 

- 

- 

<1 

<1 

1 

12.0 

12 

801-  850 

4 

1 

5 

5 

21.8 

16-35 

1 

1 

1 

12.0 

12 

2 

2 

ft 

851-  900 

26 

26 

51 

19-6 

17-22 

l 

<1 

<1 

1 

ft 

3 

3 

10 

14.5 

14-15 

901-  950 

13 

13 

* 

1 

<1 

<1 

1 

ft 

<1 

2 

<1 

2 

7 

23.1 

13-35 

951-1000 

1 

<1 

1 

2 

6 

28.0 

22-33 

1 

1 

4 

21.0 

13-24 

1001-1050 

l 

1 

1 

3 

* 

1 

1 

ft 

1051-1100 

- 

- 

- 

- 

- 

1 

1 

l 

3 

3 

28.7 

24-34 

- 

- 

- 

- 

- 

1101-1150 

- 

- 

- 

- 

- 

1 

<1 

1 

2 

<t 

- 

- 

- 

- 

- 

1151-1200 

1 

2 

3 

* 

1 

<1 

1 

2 

ft 

- 

- 

- 

- 

- 

1201-1250 

2 

4 

6 

6 

30.8 

25-36 

<1 

<1 

1 

2 

29.0 

26-32 

1251-1300 

8 

8 

15 

35.2 

30-38 

<1 

<1 

<1 

ft 

1301-1350 

4 

4 

ft 

- 

- 

- 

- 

- 

- 

- 

- 

1 351-1 L00 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1401-1450 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IL5 1-1500 

<1 

<1 

ft 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1501-1550 

<1 

<1 

1 

32.0 

32 

- 

- 

- 

- 

- 

- 

- 

- 

TOTALS 

0 

45 

0 

19 

64 

78 

1 

6 

4 

5 

16 

18 

1 

9 

0 

<1 

10 

22 

184 


SMITHSONIAN  CONTRIBUTIONS  TO  ZOOLOGY 


I  abi  r.  1 tiH. —  S<'. iMHi.tl  nielli  it)  d;tv  tJlrl:  ratios  of  Scopeloberyx  opisthopteru .* 
(AD  =  adult:  Jl'V  =  juvenile;  PI.  =  postlarva;  SAD  =  subadult:  TO  I  - 
total  of  all  stages:  *  =  no  catch  during  one  or  both  diel  periods). 


SEASON 

PL 

JUV 

S  AO 

AD 

TOT 

WINTER 

* 

* 

ft 

1.3:1 

4.1;} 

LATE 

SPRING 

0.8:  1 

o 

oo 

It. 4:1 

1 .0:  1 

1.1:1 

LATE 

SUMMER 

2.0:  1 

0.7:1 

ft 

0.):  1 

0.5:1 

spring,  much  of  the  adult  population  is  assumed  to  have 
spawned  and  died,  accounting  for  the  considerable  decline. 
Bv  late  summer,  the  subadult  and  adult  populations  are 
further  decimated,  but  juveniles,  representing  the  offspring 
of  the  vear's  spawning,  have  begun  to  enter  the  catch  and 
counterbalance  the  loss  of  adults.  If  postlarvae  had  been 
sampled  adequately,  their  greatest  abundance  probably 
would  have  been  in  late  summer,  with  late  spring  interme¬ 
diate.  and  winter  least. 

Vertical  Distribution. — Dav  and  night  vertical  distri¬ 
butions  were  essentially  similar  during  till  three  seasons 
(  fable  187),  indicating  that  this  species  does  not  migrate 
vertically.  Smaller  post  larvae  occur  between  50  and  300  m. 
Larger  postlarvae  and  all  other  stages  inhabit  depths  be¬ 
tween  800  m  and  at  least  1550  m.  Specimens  were  caught 
in  open  nets  fishing  as  deep  as  3500  m,  but  these  could 
have  been  taken  during  the  oblique  portions  of  these  tows. 
Two  adult  males  and  one  adult  female  were  caught  at  night 
in  the  late  spring  at  201-250  ni.  It  is  not  likely  that  these 
specimens  were  contaminants,  for  the  preceding  five  tows 
were  made  at  200-400  in.  Presumably,  these  individuals 
were  stravs. 

Stage  stratification  is  suggested,  with  juveniles  occurring 
mainlv  from  850- 1  050  ni  and  subadults  and  adults  concen¬ 
trating  in  deeper  water  ('fable  167).  'file  latter  two  stages 
were  taken  over  the  full  depth  range  of  the  species,  occu- 
pying  a  greater  range  than  juveniles,  but  tended  to  be  most 
abundant  below  1  100  ill. 

Patchiness. — Coefficients  of  dispersion  are  not  signifi¬ 
cant  for  any  50-m  depth  interval  at  any  season  or  time  of 
flay,  w  hich  c  an  be  interpreted  to  indicate  lack  of  clumping. 
However,  the  exceptionally  large  catch  of  juveniles  in  two 
winter  night  samples  from  the  same  trawl  and  depth,  and 
the  absence  of  juveniles  in  winter  daytime  catches,  suggest 
th, it  dumping  mav,  indeed,  characterize  juveniles. 

Night: Day  Catch  R a  i  ios. — The  ratios  of  night  to  day 
disc  Tele-depth  catch  rates,  using  interpolation  in  unsampled 
depth  intervals,  were  4.1:1  in  winter,  1.1:1  in  late  spring, 
and  0.5: 1  in  late  summer  (Table  168).  In  late  spring,  when 
the  ratio  approached  1:1,  juveniles,  subadults,  and  adults 
were  in  comparable  numbers  and  sizes  both  day  and  night. 
In  both  late  summer  and  winter,  entire  size  ranges  were 
absent  iri  samples  made  during  the  diel  period  with  the 
lower  catch  rate  but  present  in  the  other  period.  In  late 


summer  the  gaps  occurred  at  night  at  16-22  mm  (medium- 
size  juveniles)  and  at  27  mm  and  larger  (subadults  and 
adults).  In  winter  a  gap  occurred  during  daytime  at  16-25 
mm  (till  juveniles),  file  results  are  not  supportive  of  en¬ 
hanced  (lav  or  night  net  avoidance,  but  point  to  sampling 
deficiencies  as  the  probable  cause. 

Scopeloberyx  robustus 

'I  bis  species  is  rare  in  the  Ocean  Acre  area.  It  is  repre¬ 
sented  bv  20  specimens  in  the  Ocean  Acre  collections,  5  of 
these  in  discrete-depth,  noncrepuscular  samples  from  the 
paired  cruises,  five  were  taken  between  June  and  Septem¬ 
ber  and  15  between  December  and  April.  Evidently  the 
Ocean  Acre  is  near  the  southern  limits  of  its  range  in  the 
northwestern  Atlantic,  where  it  occurs  between  about  30° 
to  40° \. 

Developmental  Stages. — The  20  captures  consist  of  2 
postlarvae  13-15  mm;  14  juveniles  16-27  mm:  and  4  adults 
46-50  mm. 

Vertical  Distribution. — The  13  mm  postlarva  was 
taught  at  night  at  125-150  m  in  a  discrete-depth  sample. 
The  15  mm  postlarva,  which  was  undergoing  metamorpho¬ 
sis.  was  taken  during  the  day  in  a  discrete-depth  sample  at 
050-1000  m.  At  night,  a  juvenile  was  caught  in  a  discrete- 
depth  sample  from  1  200-1  300  in.  fen  juveniles  came  from 
open-nets  sampling  maximum  depths  from  970-1550  m 
during  the  day  and  three  from  open  nets  to  1250-1400  m 
at  night.  Two  adults  were  caught  in  discrete-depth  samples; 
one  during  the  day  at  1500-1550  m  and  one  at  night  at 
1475-1550  m.  The  other  two  adults  came  from  open-nets 
sampling  maximum  depths  of  2250  and  3500  m.  Based  on 
their  minimum  depths  of  capture,  juveniles  probably  occupy 
somewhat  shallower  depths  than  adults.  This  species  shows 
no  ev  idence  of  diel  migratory  behavior. 

Scopeloberyx  sp. 

This  undescribed  species  (Keene,  ms.)  is  found  only  in 
the  western  North  Atlantic  west  of  55° W  and  between  10° 
and  40°N,  where  it  has  been  confused  with  S.  robustus  bv 
many  authors.  It  attains  only  28  mm,  while  robustus  reaches 
50  mm  SI,.  It  is  rare  in  the  Ocean  Acre;  only  40  specimens 
were  taken,  9  of  these  (rom  discrete-depth,  noncrepuscular 
samples  during  the  paired  cruises. 

Developmental  Stages. — Only  one  10-iiim  postlarva 
was  taken.  Juveniles  ranged  from  15  mm  to  about  21  mm, 
su  had  ult  s  were  21—25  mm,  and  adults  24—28  mm. 

Vertical  Distribution. — The  postlarva  came  from  an 
open-net  sampling  to  680  m  at  night.  Postmetamorphics 
inhabit  depths  of  900  to  more  than  1500  til  and  do  not 
migrate  vertically. 

This  species  appears  to  be  stratified  by  size.  Discrete- 
depth  samples  during  daytime  took  8  specimens:  1(15  mm) 
at  925  m,  1  (22  mm)  at  1200  m.  1  (21  mm)  at  1240  m,  and 


Tab!  k  169.— Maximum  si/e.  life  span,  day  and  night  depths  inhabited  by  most  oft  lie  population,  and  oeak 
spawning  period  of  the  five  species  ol  Melamphaidae  believed  to  breed  in  the  Ocean  Acre  area. 


SPECIES 

MAXIMUM 

SIZE  (MM) 

LIFE 

SPAN 

(YEARS) 

MAIN- 

DAY 

-DEPTH  (M) 

NIGHT 

PEAK 

SPAWNING 

PERIOD 

Melamphaes  ebelingi 

137 

3-b 

870-1060 

290-520 

LATE  FALL-WINTER 

M.  typhlops 

73 

2 

550-1050 

150-A50 

ALL  YEAR? 

M.  pumi lus 

2b 

1 

550-1350 

50-600 

SPRING-EARLY  SUMMER 

Porom i tra  capito 

99 

3 

800-1100 

150-550 

N0VEM8ER-DECEMBER 

Scopeloberyx  oph i sthopterus 

39 

2 

800-1550 

800-1550 

SPRING-SUMMER 

5  (26-28  mm)  at  1325  m;  at  night  a  28-mm  specimen  was 
taken  at  1585  m.  Open-net  data  confirm  these  conclusions. 
Five  specimens  (18-24  mm)  taken  during  daytime  were 
from  maximum  depths  of  1275-1425  m  and  5  (24-28  mm) 
from  1500-1920  m.  At  night,  18  specimens  were  taken  at 
maximum  depths  of  1025  m  (1  7-2  1  mm),  1050  m  (20  mm), 
1  880-  1  400  m  (20-24  nun),  1 500  m  (27  mm),  1 690  m  (26- 
27  mm),  and  1980  in  (25-28  mm);  one  20-mm  specimen 
was  in  a  sample  from  0-3500  m,  and  one  26-nim  specimen 
in  a  0-700  m  sample,  the  latter  probably  a  contaminant 
f  rom  the  preceding  1930  m  tow. 

Habitat  Segregation  and  Resource  Partitioning 

Onl\  five  species  of  melamphaids  definitely  appear  to  be 
breeding  residents  in  the  Ocean  Acre  area;  Melamphaes 
pit  mi  I  us,  M.  typhlups,  M.  ebeltngi,  Poromitra  capito ,  and  Sco- 
pelnberyx  opiithopterus.  Four  of  these  are  the  most  numerous 
and  most  abundant  species  of  Melamphaidae  in  the  area; 
M.  pumilus  and  S.  opisthopterus  are  abundant,  P.  capito  is 
common,  M.  typhlops  is  uncommon,  and  M.  ebelingi  is  rare. 
The  three  species  of  Melamphaes  migrate  vertically  and  have 
rather  similar  vertical  distributions  both  night  and  day,  but 
tliev  base  different  maximum  sizes  and  life  spans,  and  two 
of  them  (perhaps  all  three)  have  different  peak  spawning 
seasons  (Table  169).  Poromitra  capito  also  migrates  verti- 
callv,  and  it  has  night  and  day  vertical  distributions  that 
overlap,  but  are  in  the  deep  portion  of,  those  of  the  three 
Melamphaes  species.  It  lives  longer  and  grows  to  be  larger 
than  two  of  the  Melamphaes  and  has  a  spawning  peak  in  late 
fall,  as  does  only  M.  ebelingi  (Table  169).  Scopeloberyx  opis¬ 
thopterus  I i \ es  deeper  than  the  other  four  species,  deeper 
than  800  ill,  and  does  not  appear  to  migrate  vertically.  It  is 
a  small  species,  but  larger  and  living  a  year  longer  than  the 
dwarf  M.  pumilus:  the  two  species  have  a  similar  time  of 
peak  spawning.  Tile  five  principal  species  in  the  Ocean 
Acre,  thus,  may  avoid  competition  among  themselves  for 
resources  through  aspects  of  their  life  histories  and  vertical 
distributions. 

Four  rare  spei  ies  are  represented  ill  the  Ocean  Acre  by 
one  or  two  postlarvae  and  bv  adults,  suggesting  that  they. 


too,  might  spawn  in  the  area.  Melamphaes  longivelis  is  a 
relatively  large  species,  while  Melamphaes  sp.  is  medium  size; 
both  appear  to  be  vertical  migrators  and  to  have  similar 
vertical  distributions  both  during  the  day  and  at  night. 
Scopeloberyx  sp.  is  a  dwarf  species,  while  .S',  robustus  is  me¬ 
dium  size;  both  live  below  about  900  m,  at  least  to  1  500  in, 
and  do  not  appear  to  migrate  vertically.  Too  little  is  known 
of  am  of  these  four  species  to  suggest  mechanisms  of 
resource  partitioning  among  themselves  and  other  conge¬ 
neric  species. 

The  remaining  six  rare  or  uncommon  species  probably 
do  not  breed  in  the  Ocean  Acre  area.  Two  ( M .  simus  and 
M.  polylepis)  are  represented  by  single  specimens  and  three 
(M.  suborbitalis,  P.  megalops,  and  S.  beanii)  only  by  stages 
other  than  postlarvae  and  adults.  All  of  these  except  M. 
suborbitalis  have  their  main  distributions  nor  it  or  south  of 
Bermuda.  We  would  expect  M.  suborbitalis  to  be  breeding 
in  the  area,  but  the  indications  are  otherwise.  Scopelogadus 
mizolepis  is  the  only  uncommon  (as  opposed  to  rare)  species 
of  the  six.  All  stages  of  S.  mizolepis  except  postlarvae  were 
taken,  and  we  have  suggested  the  probability  that  this 
species  moves  into  the  area,  probably  fi  om  the  south,  during 
the  warmer  part  of  the  year. 
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pusillus,  117,  145,  148,  149,  153,  154,  160.  161.  162,  164,  165 
Lepidophanes  gaussi,  120,  145,  148,  149,  154,  155,  162 
guentheri,  123,  145,  161,  163.  164 
lineatus,  Lampanvctus,  112,  145 

Lobianchia  dofleini.  125,  145.  148,  149.  152,  153.  154,  160,  161.  162, 
163,  164,  165 

gemellarii,  129,  145.  153,  154,  161,  164.  165 
longivelis,  Melamphaes.  176,  185 
Loweina  interrupta,  131,  145 
rara,  131.  145 
lucidus,  Diaphus,  7~.  145 
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luetkeni.  Diaplms.  7  3.  143 
luminosa,  Lampadena,  90,  143 

maderensis,  Ceratoscopelus,  64,  143.  133 
Man rol it  us  muelleri,  32.  48 
megalops.  Porotnitra.  / 79,  183 
Melamphaes  ebelitigi.  1/6.  183 
longivelis.  17  6,  183 
polvlepis,  177,  183 
pumilus,  169,  170,  183 
snmis,  177,  183 
sp.,  176,  183 
suhorbitalis.  176,  183 
tvphlops.  189,  174,  175 
Meiamphaidae.  169 

metopodampus,  Diaplms.  73,  145,  154.  163 
minimus,  Taaningichthvs.  144,  145 
mizolepis,  Scopelogadus.  169.  180,  185 

mollis.  Diaplms,  73,  145.  153,  154.  160,  161,  162,  163,  164,  165 
muelleri.  Maurolicus,  32.  48 
Mvctophidae.  3 1 
Mvctophum  affine,  51 
asperum,  31.  132,  145 
nitidulum,  132,  145.  149,  160,  165 
obtusirostre.  51,  134,  145 
punrtatum,  134,  143,  160 
selenops,  /  5 5,  145.  147 

nigroocellatus.  Cenirohranchus,  10,  62,  145,  149.  160,  165 
nitidulum.  Mvctophum,  132,  145,  149,  160,  165 
nobilis.  Lampanvctus,  5  1 .  112,  145 

Notolvcfums  valdiviae.  10,  135,  145,  148.  149,  151,  153,  160,  161,  162. 

163.  165 

Notoscopdus  caudispinosus,  139,  145,  162 
respfendens,  140  M3,  156 

obtusirostre.  Mvctophum,  51,  134,  145 
opisthopterus,  Scopelobervx.  169,  181,  185 

perspicillatus.  Diaplms,  51,  77,  145 

photonotus.  Lampanvctus,  113,  145.  155,  156,  160,  161,  164 
photothorax,  Bolinichthys.  6/,  145 
polylepis.  Melamphaes,  177,  185 
Poromitra  capito,  169,  177,  185 
megalops,  179,  185 
problematicii.s.  Diaphus,  77,  145 
pseudohscura,  Sternoptyx.  32,  37 
pumilus.  Melamphaes,  169,  170,  185 


punc latum,  Mvctophum,  134,  145,  160 

pusillus.  Lampanvctus.  117,  145,  148,  149,  153,  154,  160,  161.  162,  164, 
1 63 

rafinesquii.  Diaphus,  77,  145.  149,  153,  156,  163,  165 

rara.  Loweina,  131,  145 

milliardth,  Hygophum,  95,  145,  160 

resplendens.  Notoscopelus.  140,  145,  156 

robust  us.  Scopelobervx,  184,  185 

rufiims.  Symbolophorus,  142,  145,  160 

Scopeloberyx  opistbopterus,  169,  181,  185 
robust  us.  184,  185 
sp.,  184,  185 

Scopelogadus  beanii.  181,  185 
mizolepis,  169.  180,  185 
selenops.  Mvctophum,  135,  145,  147 
simus,  Melamphaes.  177,  185 
sp.,  Melamphaes,  17 6,  185 
Scopelobervx.  184,  185 
speculigera,  Lampadena,  99,  145,  147,  155 
splendidus,  Diaphus,  80,  145 
Sternoptychidac,  32 
Sternoptyx  diaphana,  32,  33,  49 
pseudobscura,  32,  37 

suborbitale,  Benthosema,  55,  145,  148,  149.  153,  161,  162 
suborbitalis,  Melamphaes,  176,  185 
subtilis.  Diaphus,  81,  145 
supraiateralis,  Bolinichthys.  61,  145 
Symbolophorus  rufmus,  142,  145,  160 
veranyi,  143,  145 

taaningi,  Hygophum,  97,  145 
Taaningichthys  bathyphilus,  143,  145,  148 
minimus,  144,  145 
termophilus,  Diaplms,  81,  145 
tripunctulatus,  Valenciennellus,  32,  45,  49 
typhlops,  Melamphaes,  169,  1 74,  185 

urophaos,  Lampadena.  100,  145 

valdiviae,  Notolychnus,  10,  135,  145,  148,  149,  151,  153,  160,  161,  162, 
163,  165 

Valenciennellus  tripunctulatus,  32,  45,  49 
veranyi,  Symbolophorus,  143,  145 

warmingii,  Ceratoscopelus,  66,  145,  148,  149,  155,  156,  160,  161,  162, 
163 


